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INTRODUCTION 


Cytoxan  brand  of  cyclophosphamide  Is  a  potent  antitumor  agant 
of  the  nitrogen  mustard  group  which  has  baan  used  in  the  treatment 
of  patients  with  many  kinds  of  neoplastic  disease.  Investigators 
have  shown  that  Cytoxan  is  especially  valuable  in  the  treatment  of 
patients  with  malignancies  arising  from  hematopoietic  t issues , 
malignant  lymphomas,  leukemia,  some  carcinomas  arising  froe.  the 
breast  and  ovary  and  undifferentiated  neoplasms.  One  of  the  reported 
e£fectu  of  this  agent  is  a  chemical  cystitis  in  a  few  cases  (1-4X) 
during  and  following  treatment  with  cyclophosphamide ,  (Mead  Johnson 
Bulletin,  1964).  It  will  be  the  purpose  of  this  thesis  to  specifically 
investigate  the  cytologic  effects  or  e  single  iatraperltoneal 
injection  of  cyclophosphamide  in  rat  bladder  epithelium  through 
studies  conducted  at  the  light  and  electron  elcrosc^plc  levels. 


REVIEW  OF  THX  LITERATURE 


Nature  of  the  Aaimt •  Cytoxan,  Iff,  N-Bla  (B-ehlorcethy i)  H',  O-propyl* 
ana  phosphoric  acid  aster  dtnalde;  Endoxan,  B-518,  ryclopboephenlde) 
with  the  structure : 
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wae  synthesised  by  Arnold  and  Bouse aux  (1958)  in  order  to  Incorporate 

an  ai  1 1 tumor  radical  In  an  inactive  form  that  would  be  activated 

biochemically  in  the  body.  Initial  experiments  conducted  by  Arnold 

o 

and  Bouse aux  (1958)  utilising  tumor  cells  incubated  at  37  C  and  at  a 

•3 

concentration  of  10  grams  per  milliliter  of  cyclophosphamide,, 
established  the  relative  Inertness  of  the  agent  j&  vitro,  while 
Is  vivo  experiments  In  fully  devolved  cat  tumors  such  as  the  solid 
Yoehida  sarcoaut,  Walker-256  carcinoma  and  Jensen  sarcoma,  concluded 
In  findings  Indicating  that  the  apparent  therapeutic  index  of  cyclo¬ 
phosphamide  was  more  than  twice  that  of  H -oxide  mustard  and  tea  t tires 
that  of  the  «t!»y ientmines,  (Arnold  and  Bouseaux,  1958). 

A  study  of  one  alkylating  agent,  u^tab’y  eye lophotphanlda ,  must 
include  some  overlap  of  information  pertinent  to  other  ..ntl  tumor 
alkylating  agents.  Generally  there  ere  five  major  type*  of  alkylating 
agents  considered  to  be  cytotoxic :  mustards,  ethy landmines ,  sulfonic 
estsrj,  s;>ox;.des  an d  certain  N-alky  l-N'-nitroso  derivatives.  The  term 
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"mustard"  generally  refers  to  compounds  containing  one  B-ehlcroethyl 
group  attached  to  either  a  sulfur  or  a  nitrogen  atom,  (Wheeler,  G.  P., 
1962).  Interest  in  the  custard  compound*  ware  initiated  during  WW  I 
and  again  during  WW  II  with  the  object lee  being  the  development  of 
offensive  anti-personnel  weapons.  The  mechanism  of  action  was  recog¬ 
nised  as  cytologic,  in  that  the  opinions  at  that  time  were  that  the 
effect  on  hematopoietic  and  gastrointestinal  tissues  were  due  to  a 
release  of  hydrochloric  acid  intracellularly  with  subsequent  cyto¬ 
toxicity  and  electrolyte  fluid  imbalance.  Following  WW  II,  there 
was  a  renewed  Interest  in  a  series  of  nitrogenous  analogues  of  the 
mustard  gases,  namely  bis  and  trla  -ch loroe thy 1 -amina s .  These  cyto¬ 
toxic  effects  were  unlike  anything  observed  to  that  time  and  resembled 
in  many  ways  the  cytologic  manifestations  following  X-rays  (Ce liman 
and  Phillips,  1946). 

Cyclophosphamide  is  composed  of  nitrogen  mustard  linked  by  wey 
of  the  nitrogen  atom  to  e  cyclic  phosphor ic-ac id -esteramidase  which 
masks  the  action  of  the  mustard  concluding  in  the  absence  of  cytotoxic 
effects  in  vitro  (Healy,  J.B.,  1964).  The  physical  properties  of 
cyclophosphamide  are  that  it  Is  stable  at  room  temperature,  soluble 
up  to  41  in  water  and  a  11  solution  has  s  pH  of  4.58.  The  source  of 
the  compound  is  Asta-Werke,  A.G.,  Brockwede,  Germany  and  the  Head 
Johnson  and  Company,  (White,  f.,  1959).  Cyclophosphamide,  then,  is 
an  antineoplastic  inactive  cyclic  phosphaaide  ester  which  was  synthe¬ 
sised  in  an  effort  to  incorporate  an  effective  chemotherapeutic  radical 
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which  upon  biological  degradation  would  haws  a  cytotoxic  effect  on 
t unoral  tissue  with  a  n in  1mm  of  normal  cell  cytotoxicity  (Dee  Pre 3 , 

JUEL  JLL-  •  I960,  Rear,  at  li* »  I960). 

Mechanism  of  Astlon 

Generally,  the  effect  of  the  nltr<  ,«n  and  sulfur  tauotard a  are 
in  calls  which  have  an  increased  rate  of  proliferation.  Such  cellular 
suaceptibility  which  can  terminate  in  the  death  of  the  cells  is  mani¬ 
fest  within  the  formed  elements  of  the  blood  end  the  mucosa  of  the 
gastrointestinal  tract.  The  affects  on  these  cells  by  tho  mustard 
compounds  reflects  severe  lymphopenia ,  granulocytopenia,  thrombo¬ 
cytopenia,  moderate  anemia,  vomiting,  diarrhea,  nausea,  end  anorexia. 
Histologic  and  cytologic  examinations  of  the  gastrointestinal  mucosa, 
for  example,  demonstrates  a  progression  from  vacuollxatlon  and  nuclear 
swelling  of  the  epithelial  cells  to  necrosis,  desquamation,  and 
hamorrhaga.  Lymphoid  Involvement  is  uniformly  present  throughout  the 
body  with  lymphatic  fragmentation  evident  within  ten  days  following 
exposure.  In  the  bone  marrow  early  cytologic  cnanges  are  swelling 
of  the  hemopoietic  cells,  alteration  of  the It  staining  reaction  end 
disappearance  of  mitotic  activity  leading  to  anaplasia.  vitro  and 
In  vivo  studies  have  shown  that  mustard  compounds  Inhibit  oxygen 
consumption  end  glycolysis  to  varying  degrees  (Gilman  end  Phillips, 
1946).  The  general  mechanism  of  action  of  the  mustards,  including 
cyclophosphamide  however,  la  not  definitely  understood  (rreldman, 

O.M. ,  1963). 

Cyclophosphamide  wae  developed  in  order  Co  produce  a  nitrogen 
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ouctcrd  derivative  that  while  inert  vitro  would  theoretically  be 
activated  jjj,  vivo  through  phosphoa  i  da  so  activity  la  neoplastic  cells 
(Journal  of  jfcaorlcen  Medical  Assoc .  -?fev  Drugs  and  Therapeutics, 

Jan.  0,  1962).  The  biologic  activity  as  studied  through  radic-lcocope 
labeled  cyclophoGphffiaid*  Indicates  that  cyclophosphamide  hreahAow i 
occurs  In  Cursor  fcdseuo.  It  is  hoped  clinically  that  this  agent  will 
be  transported  In  its  Inert  Cora  through  the  body  and  be  absorbed  and 
activated  by  metabolising  malignant  cells  (Healy,  J.B.,  1964).  The 
attachment  of  tha  phosphoryl  group  to  a  nitrogen  mustard  reduce#  the 
activity  of  the  custard  compound  by  diminishing  the  basic  properties 
of  tho  central  nitrogen  atom  thereby  decreasing  the  l oa inability  of 
cho  chlorine  a toco  in  the  chloroethyl  groups.  To  activate  cyclophos¬ 
phamide  it  is  cosuced  that  phosphors  ide  cos  or  phosphatases  ace  theoreti¬ 
cally  needed  to  break  tha  cycle  group  either  at  tha  phosphorus -casy^ea 
or  phosphorus -nitrogen  bond  liberating  the  mustard  derivative.  Since 
phosphor:  Ida  sc  s  have  been  demonstrated  in  cancerous  tissues  (Berner  1, 
1948)  and  phosphatases  in  vhlts  blood  cells*  the  cytc tonic  effect  on 
neoplasms  and  white  blood  cells  can  be  explained  (Cogglne,  P.S., 
al. ,  I960).  To  sun  up  then,  the  breakdown  of  the  cyclic  fora  to 
the  active  mustard  by  ensymet  like  pheephamidasa  permits  tbs  chloriao 
radicals  in  tha  ch  lore  thy  1  groups  to  exert  an  alkylating  activity 
(Das  Pres,  J.D.,  1L  »  I960).  Phillips  and  Sternberg,  ££.&!•,  in 
1964:  showed  that  in  rats  treated  with  cyclophosphamide,  a  circulating 
cytotoxic  Interred  Laty  was  formed  which  was  neither  cyclophosphnide  , 
or  nor -nitrogen  oustard .  These  determinations  were  based  -an  tho 
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calculation  of  tha  alkylating  activity  of  the  urine  by  the  quarter- 
nisa tiers  of  the  reagent,  V  -(4~nltrobensyl)-pyrldii»e  (NBf)  and  ths 
extract iblllty  of  eye lophoaphamlde  and  nor -nitrogen  mustard  In  chloro¬ 
form.  From  theao  experiments  it  was  concluded  that  there  wee  alkyl- 
a: lag  activity  (increase  iHJP  reactivity)  in  rat  urine  following  cyclo- 
phoaphamids  adsinlstrstlon.  In  addition,  601  of  the  NBF  reactivity 
w«a  insoluble  in  chloroform  and  therefore  the  reactive  substances 
were  other  than  rsor-e  Itrogen  mustard  and/or  cycloph'JsptMeaida .  The 
determination  of  increased  urinary  organic  phosphate  at  2  and  3  hour* 
post  cyclophosphamide  Injection  which  per*  lie  led  th*  N’EP  or  alkylating 
-ctlvlcy  suggested  an  in  vivo  metabolite  of  cyelophosphau'.de .  McKenna, 
'*62,  through  chlorine  trie  Jpcenninat  Loru  to  a  a  say 
the  p reeence  of  chioroethyl  groups , tp  vitro,  concluded  t3u»C  L'.-.e  cyto¬ 
toxicity  of  nitrogen  muotard  aeana  to  Us  directly  related  tv  the 
concentration  of  ifttaet  chloroethyl  group#.  Th«~.  cy,  otoxi  city  o, 
cyclophosphamide >  however,  was  thought  to  be  through  tho  relcaac 
of  no r-a  l trojan  eustari  ue-i./o:  It*  ensymatic  hydrolysis  to  cytoxyl 
alcohol  or  cytaxyl  nmirw,  Cytomyl  alcohol  was  described  by  FrAeduun 
al. .  in  1)60  so  a  possible  hydrolytic  derivative  of  cyelophor?- 
ph/wide  and  proven  cytotoxic  on  leukemic  cells  In  vitro. 

In  cyclophosphamide  treated  mica,  a  collection  of  serum  samples 
follow. ng  latreperltonaal  injections  of  500  og/l-g  exhibited  marked 
inhibitory  effects  in  mamma Han  cell*  'cell  lines  from  L  12 1C  leukemia) 
within  15-31  minutes.  A  2%  treated  seruc,  resulted  in  50%  inhibition 
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of  protein  synthetic  as  coopered  to  normal  control  animals.  The 
inhibitory  effect  of  the  sera  disappeared  within  a  relatively  short 
period  }*  tits*.  There  wee  no  iuhibieory  effect  in  cell  lines  treated 
with  cyclophosphamide  vitro.  In  extracts  from  liver  prepared  t  m 
cyclophosphamide  treated  animals  tiers  was  marked  inhibitory  effect* 
on  the  protein  synthesis  of  leukemic  cell*  vitro,  but  only  e  trace 
activity  was  demonstrated  with  the  kidney  and  spleen  extracts.  There 
was  n  >  evidence  of  uthibltory  activity  when  homogenates  of  neoplastic 
and  normal  mouse  tissue  were  incubeted  with  cyciophosphenide  iff  vitro. 
There  was  some  inhibitory  effect,  however,  with  liver  homogenates 
incubated  vitro  with  eye lophoaphetai.de .  In  addition  to  the  marked 
inhibition  of  protein  synthesis,  there  were  marked  morphologic  cellular 
changes  in  the  treated  cell  lines  consisting  of  sultlnucleeted  gt,'«  t 
cells  with  reduced  amounts  of  cytoplasm  suggest ive  of  aetaphase  arrest. 
These  experiments  suggest  the  possibility  that  activation  of  cyclo¬ 
phosphamide  does  not  occur  to  any  appreclablt  extent  in  rat  blood  or 
ui  neoplastic  tissue,  but  in  the  liver.  Therefore,  alteration  of 
the  Irug  to  its  active  probably  does  occur  in  areas  other  than 

_n  tumoral  tissue  through  intermediary  substances  that  nay  or  may  not 
be  ^"tered  oy  the  neoplastic  tissue  (Foley,  G.K.*  at  gl. .  1961). 

•»5 

An<"*el  experiments  utilising  I'  labeled  methionine  in  cyclo- 
phn*p‘.«side  aensitive  and  eye lophoaphaaid*  resistant  cell  lines  of 
the  L  12 i <  leukemia  show  that  eye  lophoephanide  significantly  inhibited 
*:he  mcorporat ion  of  methionine  in  the  sensitive  pumoT,  while  failing 


7 


Co  inhibit  Chic  anlao  acid  in  Cha  resistant  tumor.  It  la  Interest  vrj 
to  note  that  In  these  esperiocata  thero  wes  no  Inhibition  of  oclfaicoir.a 
incorporation  In  cither  Che  sens i fire  or  resistant  tuner  aniaalo  in 
the  tirsr  (St  rosier,  V.K. ,  1962).  Tharefcra,  the  question  and 
ilpifi'uoca  as  to  the  rola  of  the  liver  in  the  la  vivo  activation 
of  cyclophosphamide,  —seta  to  be  uosolved. 

It  hea  bean  mentioned  previously  that  the  aitrogan  austardo 
inhibited  otrygea  coas«»ptlan  and  cell  giycolysie  jy^  vitro  and  vivo, 
the  affect  of  cyelophosphdpeldo  vas  studied  v^vo  on  tha  following 
different  taouea  tumors,  Shrlscb,  Firths  2,  1211  eye lophosphnnldo  sensi¬ 
tive  oacitco  cello,  and  €-91  cclanoca.  It  uao  dc  to  rained  that  inhibi¬ 
tions  of  anaerobic  glycolysis  and  respir^';  1 ...  j-curred  ia  vitro  in 
cleans  slices  frur  hours  after  tntraper  Itasca  i  inject  ion  a  of  20C  vag/ks 
of  cyclophosphamide.  Sever  ;y~tvo  hours  foilcwi;^  inJccCion  both  c.hc 
•erobic  and  anaerobic  glycolysis  of  the  L  1210  cyclophosphamide 
susceptible  cell  line  had  been  totally  inhibited  fright,  U»,  I960). 

The  mustard  compounds  hrrve  been  shown  to  in  tor  fora  with  the 

nit  otic  divisions  In  a  very  vide  variety  of  biological  rp-  clco.  It 

'«/ 

la  believed  that  the  allcylatlng  effect  of  the  drug  influences  the 
autogenic  frequency  of  the  genes.  This  alteration  of  tbs  nucleic 
sc  Ida  night  result  iron  interference  with  the  synthesis  and  acta  bo  11  an 
of  the  nucleic  acids  or  iron  the  alkylation  of  tkeae  acids-  Influence 
virus  has  b oca  shown  to  be  rendered  non -Infectious  for  nice  by  an 
in  vitro  exposure  to  increased  concent  rat  loos  of  nitrogen  mustard. 
Therefore,  such  deactivation  night  indicate  the  possibility  that  the 
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affect  of  t!#s  wuetarc  is  by  way  of  direct  alkylation  of  the  nucleic 

acid  father  than  from  influence  upon  ease  component  system  involved 

la  nucleic  acid  synthaalc  (Wheeler,  G.F. ,  1962).  The  Incorporation 
14 

of  adenine  -8-C  into  the  DMA  adenine  of  cyclophoepbanida  eeneitive 
mouse  ctaaoro  was  shown  to  be  inhibited  by  eye lophogphnaide .  There 
was  no  inhibition  in  the  incorporation  of  the  HflA^adenina.  Chronete- 
graph. i  ca«J  cad icoutographic  studies  of  tumor  tissue  extracts  indicated 
that  dii  uovo  synthesis  of  purine  uuc leu* Idas  w*s  inhibited  but  there 

was  little  effect  on  the  formation  of  nucleotides  f*on  the  already 

14 

ioraed  adenine  £  Alice  ler,  C,P.,  1962). 

Intraderrul  injections  of  IKJCB  (l-Chlovo,  2-4  dlnitrobensene) 

■-’t i‘ft  irt.cie  i\  guinea  pigs  pretreated  with  eye laphoaphaaiida  la  order 
to  determine  whether  or  not  this  drug  blocked  or  prevented  delayed 
hypersensitivity  to  DWCB.  The  results  indicate  that  eye  lopStocpbamida 
ptx- treatment  delayed  tlve  appearance  of  contact  dermatitis  to  9MCB 
sugsertlng  thnt  eye lophoephenlda  had  «  narked  effect  upon  nuclear 
protein  (Ha* ulre,  H.C.,  1961). 

The  trw  ;ority  of  the  biochemical  a f facta  of  the  cytotenic  alkyl¬ 
ating  igen  9,  end  In  particular  eye lopbosr&aa lot ,  eight  be  explained 
fit  direct  tt  indirect  results  of  sue leoprota ia  alkylation.  The  muta¬ 
genic  or  vctiuitotlc  affects  would  show  tavoluanmct  of  tha  nucleus 
with  alteration  of  the  rate  and  production  of  ECiA.  The  modified 
DMA  cou Id  then  alter  the  structure  and  formation  of  the  messenger 
SNA  which  in  turn  afflict*  the  toie  and  extent  of  protein  synthesis 
(Whee u  r,  C.T.,  1962). 
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AttUaiffltlMLLg  IHifiU  si  Sasil&bsastomUaL 


Cyclophosphmlde  chemotherapy  for  cancer  has  been  used  with 
varying  degrees  of  success  In  many  types  of  neoplasms.  A  review  of 
the  literature  indicates  that  cyclophosphamide,  like  nitrogen  aueta.d. 
is  most  active  against  neoplasms  of  the  reticuloendothelial  and 
hematopoietic  systems.  The  following  is  the  clinical  evaluation  of 
the  drug  listed  by  the  type  of  neoplasm  selectively  described  in  the 
literature  from  the  years  1960-1964. 

Leukemia:  In  a  study  of  forty-four  children  with  advanced 
leukemia  Fernbach,  D.J.,  et  gl.  ,  1962,  shewed  that  131  of  these  child' 
ren  had  complete  remission.  III  had  partial  remissions  and  23X  had 
just  hematologic  remissions  following  cyclophosphamide  chemotherapy. 

In  a  study  of  fifty  ehlldrsn  with  aeuts  leukemia,  most  of  whom  were 
resistant  to  6-mercaptopurine,  methotrexate  and  steroids,  there  were 
resultant  remissions  in  35%  of  the  total  cases,  in  which  hale  of  this 
total  were  partial  remissions  (Tan,  C.,  gi* ,  196L).  In  studios 
of  patients  with  chronic  lymphatic  leukemia  Solomon,  e£  gl. ,  1963, 
described  significant  benefit  in  441  of  a  total  of  32  patients  while 
19X  of  these  patients  received  only  slight  benefit  following  treatment 
with  this  oncoiytic  agent.  A  similar  report  of  the  efficacy  of  cyelo- 
phosphwnide  is  noted  In  a  study  by  Rundles,  |£  ,  1962,  In  7,8  patient 

with  chronic  lymphocytic  leukemia  in  which  e  fail  to  food  response" 
was  achieved  in  4 OX  of  these  patients  following  eye iophosphamlde 
treatment.  In  e  study  of  sixteen  children  with  acute  stem  cell 
Uur'.-nia  treated  with  cyclophosphamide  there  developed  partial  ranis- 


•  lone  of  from  two  to  nln«  sooths  in  s i*  of  those  patients  (Sweeney, 

A* i  sl « $  1963) • 

Hodgkin’s  disease,  Lymphosarcoma  and  other  Miscellaneous  flans 
topoletic  diseases:  Cyclophosphamide  was  »h<mm  to  be  "unusually** 
re  spend  vs  in  33%  of  the  cases  of  malignant  lymphoma  of  Central  Africa 
with  remission  rates  of  from  four  months  to  three  years  (Burkitt ,  D. , 
Journal  of  American  Nodical  Assoc.;  Medical  Hews.  1964).  Xn  a  series 
of  31  patients  with  malignant  necplasma,  three  patients  with  lympho¬ 
sarcoma  had  striding  remissions  (Papae,  et  al . .  I960).  In  253  &£•*• 
of  various  malignant  neoplasms  ♦‘rested  with  cyclophosphamide,  there 
was  'marked  improvement  with  considerable  transient  objective  change" 
in  46%  of  tn*.  «.«.*es,  with  two  lympaogramilonatoees  end  reticulum  cell 
earccoas  showing  coop late  remissions,  (Gerharts,  B.,  gl. .  1960). 

The  best  results  in  31  patients  with  various  neoplasm*  treated  with 
cyclophosphamide  were  in  three  patients  with  lymphosarcoma  who  had 
striking  remissions  (£apac,  et  gi. .  I960).  There  was  significant  re¬ 
sponses  in  thrie  out  of  five  children  with  Swings  sarcoma  traetad  with 
cyclophosphamida  (Sutow,  at  al.,  1962).  Twelve  patient*  out  of  twelve 
with  lymphoma  achieved  earns  degree  of  remission  follwlag  cyclophos¬ 
phamide  therapy,  but  the  remissions  were  of  a  short  duration  with 
’’he  exception  of  two  eaaae  of  Hodgkin's  disease  who  acquired  r  remis¬ 
sion  of  more  than  one  year  (Sweeney,  Tuttle,  J.,  1963).  Some 
degree  of  actual  remission  was  achlevsd  in  11  patients  with  Hodgkin's 
disease,  especially  in  those  patients  in  whom  this  was  the  Initial 
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treatment  for  the  disease,  (Olmar,  et  g^. .  1962).  The  most  "satisfying 
results"  following  attain iteration  of  cyclophosphamide  to  49  patients 
with  malignant  disease  were  seen  in  seven  patients  with  Hodgkin'* 
disease.  One  patient  with  a  $ -plasmacytoma  had  a  two  year  remission 
(Frit  sc  ho ,  fJtjJ.. ,  1962). 

In  nineteen  patients  with  Hodgkin's  disease  there  were  six  pa¬ 
tients  with  significant  benefits  following  treatment  with  cyclophos¬ 
phamide  of  periods  ranging  from  1%  to  15  months.  There  was  a  slight 
improvement  on  seven  petlents  with  the  remaining  six  patients  con¬ 
sidered  failures  or  unevaluable.  In  a  total  of  eight  patients  with 
lymphosarcoma,  there  were  four  patients  who  received  significant 
benefit  and  one  patient  who  received  e  slight  benefit  following  cyclo¬ 
phosphamide  chemotherapy  (Solomon,  J.,  Alexander,  M. ,  c*  Steinfeid, 

1963).  A  comparison  between  mechloroethemine  in  98  cases  of  Hodgkin's 
dlseess  snd  lymphosarcoma  groups  indicated  that  there  was  a  601  favor¬ 
able  response  in  those  groups  of  patients  treated  with  eye lophoeph an 1 ae , 
351  in  those  treated  with  uracil  mustard  end  25Z  with  mechloroe  diamine 
(Cold,  Jtt  tl* »  • 

In  a  study  comparing  the  effectiveness  of  cyclophosphamide  and 
nitrogen  mustard,  Zubrln,  et  § 1 . .  1961,  determined  that  "good  to 
excellent  objective  responses"  were  achieved  in  the  following  diseases: 
Hodgkin's  disease  eight  out  of  nine  with  nitrogen  mustard,  and  34  out 
of  12  with  cyclophosphamide ;  in  malignant  melanoma  Chars  were  no  cases 
in  his  study  that  rssponded  to  nitrogen  mustard,  whila  2  out  of  3 
cases  responded  to  eye lophoeph amide  therapy,  In  multiple  myeloma,  no 
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««•«■  responded  to  nitrogen  muetard,  while  4  out  of  30  responded 
after  cyclophosphamide  chemotherapy .  Cye lophesphsmld*  seemed  to  bo 
"unusually''  effect  It*  in  suppressing  tho  growth  of  mors  primitive 
neoplastic  lymphoid  elements  (Bundles,  R.,  «g  aft. ,  1962).  Treatment 
of  eight  patients  with  neuroblastoma  with  cyclophosphamide  resulted 
In  three  patients  experiencing  relief  of  symptoms  and  transient 
decrease  of  the  tumor.  In  seven  children  with  rhabdomyosarcoma ,  there 
were  three  patients  who  obtained  tmaporary  objective  benefit  with 
cyclophosphamide.  In  cour  children  with  osteogenic  scream s  there 
was  one  patient  in  which  there  vss  a  regression  of  me test is in in*  tumor 
with  this  chemotherapeutic  agent.  'This  might  suggest  cyclophosphamide 
may  affect  some  tumors  not  responsive  to  other  s Iky 1st lag  agents  end 
thus  it  may  have  a  truly  different  antitumor  spectrum."  (Finical,  9., 
1962).  In  a  total  of  seven  patients  with  multiple  myeloma  treated  /1th 
cyclophosphamide  there  was  one  patient  with  sign if leant  benefits,  end 
one  patient  with  slight  to  moderate  degree  of  improvement  (Soleamm,  J., 
Alexander,  M. ,  Stelnfald,  J.,  1963).  In  nine  patients  with  myelo- 
mat oses  there  were  no  radiological  or  electrophoretic  changes  (Kcaly, 

J.,  1964) .  In  2Q  patients  receiving  cye lopbesphamlde  for  multiple  myel¬ 
oma  ,  objective  evidence  of  a  favorable  effect  was  observed  in  rix 
patients  while  there  wee  subjective  Improvement  in  three  other  patients 
(livers,  S.L.,  1963). 

An  inhibitory  effect  by  eye lophosphsmlds  mss  determined  in  two 
patients  with  metastatic  angiosarcoma  which  concluded  in  "sf'.king” 
regression  of  their  uu  bear « try  metastasis  after  felling  t  >  re  spend  to 
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a  c  mnb  lost  loo  of  th«  alkylating  agent  fhao-TWA  and  the  antl-atfabolate 
Methotrexate.  Thla  suggested  that  the  antitumor  action  of  cyclo- 
phoaphamida  may  be  significantly  different  from  that  of  the  other 
known  alkylating  agents  (ii reenapon,  1961). 


In  four  out  of  live  pat lent a  treated  for  taataatlalng  naac- 


pharyngeal  calcar  there  were  raw. catena  ranging  from  five  to  eight 
months  following  eye iophoephasaide  therapy.  In  one  patient  with 


cancer  of  the  pancreas  with  hepatic  retoatasls,  and  one  patient  with 


an  epigastric  turjor  vith  liver  metastasis  there  were  general  improve¬ 
ments  of  condition  from  sir  months  to  a  year,  (Haddad,  N’.,  1363).  In 
a  55  ye***  old  female  patient  with  recurrent  epidermoid  epithelioma 
of  the  upper  maxillary  region  there  waa  dramatic  Improvement  alter 
tan  lays  of  eye lophoapharaide  chemotherapy  with  the  patient  alive  and 
well  eighteen  sonfcha  later  (La  roua*,  R..  1963).  In  eight  patients 
with  ovarian  carcinomas  treated  poat  operatively  with  eye tophosphanide , 
f; iv#  patients  are  alive  2%-4  years  after  treatment  at*  comparM  with 
an  82X  mortality  post-operative ly  without  chemotharaify  (BruM,  R. ,  19t  J) . 
In  six  out  of  ten  cases  of  ovarian  carcinoma  there  w«is  distinct  re¬ 


missions  of  varying  lengths  (Haaiy,  J.,  1964). 

Mar  iced  objective  and  subject  ive  improvement  was  noted  in  one 
patient  with  an  Infiltrating  duet  carcinoma  with  mediastinal  and 
pulmonary  mataatssis  following  eye lophoapharaide  therapy  (Canaalea,  E., 
'  ?61) .  Cyclophosphamide  in  combination  with  ant i-oatabol ite  or  anti¬ 
biotic  antitumor  agents  have  shown  promise  in  the  treatment  of  laalig- 


n&nclct  of  the  itoiud)  and  hepatobiliary  crus  (Bar lay,  J.,  1961). 
Twenty -nine  patients  har*e  shewn  definite  rafraaalan  of  their  dlaaaaa 
following  cvelophogphamlde  chemotherapy  including  three  with  malig¬ 
nant  otlancm,  ala  with  carcinoma  of  tha  ovary,  nlr>a  with  malignant 
l yw photo*  and  thraa  with  adenocarcinoma  of  tha  hraaat  (Cogglna, 

Ravdlu,  Stamen,  8.,  I960).  In  4S  patiaats  with  a  variety  of 
histologically  confirmed  ictallfnanclaa  lnaiudlng  24  brooch  logon  la  and 
alx  gastric  neoplasms  thara  wet  radiologic  and  clinical  Improvement 
In  11  patients  and  subjective  imprvjveiamt  In  22  patiaats  (Basnsar,  at 
4I. .  i960).  In  one  patient  who  had  undergone  orchlactomy  and  sub¬ 
sequent  radiation  therapy  for  a  tastlcular  carcinoma  who  had  devalopad 
uetactatic  lung  envoivercant  share  was  marked  regression  following 
cyclophosphamide  chamotharapy  (Gallo,  !*£!). 

Beneficial  success  was  achiavad  In  a  pet lout  with  paorlaala  of 
the  scalp  following  treatment  with  cyclophosphamide  for  w  Ida  sore  ad 
carcinoma  of  the  colon.  The  osorl^sts  has  elaarad  and  tha  patlant 
ha«  been  In  psoriasis  remission  for  eighteen  months.  Zn  a  1?  year 
oid  female  without  malignant  dlaaaaa  who  was  treatad  with  eye lophoa- 
phumj.de  for  extensive  psoriasis  and  p  tor  lac  it  arthritis  results  in¬ 
dicated  thare  was  no  skin  or  joint  dlaaaaa  five  weeks  aftar  therapy. 

I:,  -wo  out  of  thraa  patlant s  with  mycosis  fucigoldes  thara  has  boon 
narked  Improvement  after  cyclophosphamide  chaaotharapy  (Lasm’o,  at  al. . 
1961).  In  three  cases  of  Wsudenstroa l$  Haorogiobulinemia  thara  was 
dramatic  objective  and  subjective  Improvement  with  decrease  in  serum 
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macrog lobe line  up  to  •’he  present  time  follcsving  treatment  with  eyclo- 
pbosphml.de  (lour one la,  st  si. .  1964;  Bouroncle,  1965).  In  e  total 
of  two  patients  with  Waldenst roe's  Macroglobulinamia  Civ? re  was  atg- 
aif leant  response  of  from  six  and  eleven  months  following  cyclo¬ 
phosphamide  therapy  (Solomon,  J, ,  Alexander ,  M. ,  and  Stelnfeid,  1963). 

It  appears  that  the  efficacy  of  cyclophosphamide  chemotherapy 
Is  In  those  hematopoietic  malignancies  such  as  Hodgk*.." disease, 
lymphosarcomas  and  leukemias ,  particularly  chronic  lymphatic  leukemia. 
In  addition,  frequent  raaponeea  are  raoorted  in  those  solid  malig¬ 
nancies  such  as  ovavy  and  breaat  along  with  miscellaneous  metastatic 
neoplasms.  It  *.«  important  t  ■»  realise  that  the  best  that  can  bo 
<rxpected  at  the  present  t lab  from  cycLophosphatifti.de  therapy  is  a  re¬ 
mission  of  the  neoplastic  process  which  in  many  instances  Is  only 
temporarily;  one  hepes  to  ease  the  symptoms  and  perhaps  delay  deatl- 
for  a  while."  (Healy,  J.,  1964).  I  have  purposely  neglected  to  include 
the  dosage  regimen  Lrt  these  Hated  pathologic  conditions  due  ►o  the 
wide  fluctuations  in  initial  and  ■ainteoance  dosages  as  expressed  i.p. 
tha  patient  management  by  the  various  author  clinicians.  I  will 
brlsfly  describe  the  biological  effects  of  various  Maximum  dosage 
regimens  in  tha  next  section. 

Preliminary  studies  in  leukemic  mice  show  chat  «n  antimitotic 
*i,ent  such  as  cyclophosphamide  can  be  utilise'  effectively  in  bone 
marrow  transplants  by  enhancing  the  antileukemic  effects  through  re¬ 
ductions  in  tha  mitotic  rats  of  ueoi  calls  and,  in  add  it  lot,,  decrease 
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the  incidence  of  seconder?  disease  through  interference  in  the  iamtoo- 
logically  competent  cells  from  the  bone  narrow  transplant  (Kathe,  G. , 
fjLAi**  1962).  Cyclophosphamide  administered  to  guinea  pigs  sensitised 
to  egg  albumlu  presented  the  mealiest*' ion  of  an  anaphylaxis  meet  ion 
indicating  ;hat  "cyclophosphamide  provides  e  profound  and  spec  if la 
depression  of  the  nucleic  sc id  metabolism  of  the  antibody  forming 
machinery,"  (Maguire,  H.,  ofi  al . ,  1961).  The  effect  of  cytotOK<c 
agents  in  terns  of  the  immune  response  seams  to  be  «a  Inhibition  of 
che  "induction  phase"  of  sntibody  formation  through  strong  inhibition 
of  nucleic  acid  synthesis  particularly  deoxyribonucleic  acid  (Keren* 
baun,  M. ,  I960).  The  role  of  cyclophosphamide  in  wound  healing  as 
conducted  in  animat  experiments  indicates  that  it  retards  the  exude* 
tive  inflammatory  process  and  formation  of  granulation  tissue.  Fro* 
liferating  epithelium  in  granulating  wounds  appears  relatively  iseu* 
tare  cs  evidenced  by  large  hyperchromat ic  nucleic  ana  abundant  cytoplasm 
associated  with  pseudoeplthellomatous  hyperplasia  (has  Pres,  J.t  i960). 

i&kULLtitk  MAA. 

Three  distinct  isetors  seem  t®  influence  the  biological  effect 
of  cyclophosphamide;  the  nature  of  the  smbjeet  treated,  l.e,  whether 
it  be  man  irr  different  experimental  snimele;  the  dosage  e  f  the  agent 
canplexed  with  the  intervals  of  administration;  and  the  route  of 
injection. 

Early  ecu die a  of  the  biologic  and  toxieelogis  effects  of  cycle* 
phorphsvlde  In  animals  revealed  leukopenia,  weight  loss  end  subsequent 
death  depending  on  the  amount  and  (hirst ion  of  the  agent  given  to  these 
experimental  animals  .>rs  Pres,  st  si.,  19uQ)  . 
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In  mice  and  rats  th*  oral  LDjq  valuas  vara  550  and  94  mg /kg 
respectively.  Rats  survived  repeated  oral  dosages  of  6  tag /kg  for 
•lx  vaeks  vharaas  dogs  jurvlved  with  *  lassar  dally  oral  doaa  of 
5  og/kg  tor  six  week*.  Tha  pathologic  nani  fa  stations  in  these  animal 
at  this  regimen  consisted  of  splenic  congestion,  depressive  reaction 
of  tha  hematopoietic  tissues  including  tha  hone  marrow.  Following 
single  sub-lethal  dosages,  the  peripheral  blood  exhibited  leucocyte 
depression  vith  recovery  in  three  weeks  end  erythrold  depression 
followed  by  complete  recovery  in  twelve  days  (Wheeler,  A.,  Dansby,  D. 
At  al . .  1961).  Th*  major  mani festal. ion  of  toxicity  in  experiments 
with  rats  and  mice  were  weight  lose,  ruffled  hair,  diarrhea  and  hema¬ 
topoietic  depression  and  death  in  pariods  of  time  ranging  irora  L-K 
days  (Love,  H. ,  1959).  The  overt  acute  otani testations  of  toxicity 
in  mice  after  cyclophosphamide  therapy  are  similar  to  those  seen  in 
alee  following  nitrogen  mustard  administration.  Injections  01  600- 
700  mg/kg  of  cyclophosphamide  in  mice  elicited  terminal  convulsions 
which  seemed  to  be  related  in  time  to  respiratory  paralysis  probably 
es  a  result  of  anoxemia.  Changing  the  regimen  from  daily  Injection 
to  weekly  injections,  increased  the  taediaw  survival  rate  of  these 
animals  (Love,  H. ,  1959).  In  studies  conducted  on  rats  end  dogs 
compering  the  efficacy  of  eye lophosphaalde  on  various  neoplasms  as  a 
function  of  dose  interval,  routes  of  administration  and  sex,  It  was 
concluded  that  no  eigr.  if  leant  sex  difference*  occurred  In  terms  of 
neoplastic  effect  or  toxic  manifestations;  in  rats  the  oral  route  was 
less  toxic  than  th*  intravenous  route;  In  dog*  a  single  »cute  dose  or 
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*  48  hour  infusion  was  tolerated  on  a  biweekly  regimen,  but  only  one 
half  of  the  dose  was  tolerated  if  administer*  !  dally  or  weekly.  'The 
longer  the  delay  between  dosages,  the  longer  the  delay  was  between 
onset  of  leukopenia  and  death."  Toxic  signs  in  these  animal  expert* 
raents  Included  emesis,  diarrhea,  proteinurea,  and  hematuria.  Thrombo¬ 
cytopenia  v«s  not  severe,  alt'  jgh  laukopanla  and  anemia  occurred 
regularly  (Fallotta,  A.,  a£  g£,. ,  I960).  Cyclophosphamide  in  dosages 
ranging  {rocs  37. j  mg/kg  to  600  cig/kg  In  mice  over  a  five  dey  period 
produced  more  specific  damage  to  the  lymphatic  areas  at  lower  dogea 
than  nitrogen  mustard  or  triethylinemolamlna  (Scaltrinl,  G* ,  e|  g  |. . 
1962'.  Treatment  below  the  ainlniun  tolerabis  dote  in  mice  (200  mg/kg 
X.V.  c :  40  ng/kg  for  seven  days  i.p.)  and  rats  (120  mg/kg  I.V.  or 
20  rag /kg  for  se'en  days  i.p.)  indicates  that  tha  granuolocytea  re¬ 
covered  faster  than  the  lymphocytes .  Significant  pathologic  change 
noted  in  the  intestinal  tract,  hone  marrow,  and  lymphoid  tissue 
hut  not  in  the  thymus  in  aniroaU  dying  aftsr  treatment  with  eycle- 
phosi’v  amide .  Cyclophosphamide  when  Injected  into  the  albumin  of 
fsttilised  chicken  eggs  induced  generally  atrophic  development  of  the 
chicken  embryo.  This  was  manifest  by  micros—  lie  of  the  legs,  parrot 
6*a>-  ,  absence  of  eyelids,  and  visceral  and  cardiac  laalona  (Qerlinger, 
?. ,  ii  Ai- ,  1^63). 

Injections  of  single  dosages  of  from  23-60  mg/kg  for  five  days 
of  cyclophosphamide  in  dogs  intratheeally  showed  no  clinical  evidence 
of  toxicity  in  the  lower  dosages  but  gastrointestinal  bleeding  leading 
to  deeth  o'  the  animals,  occurred  in  tha  30-60  mg.  dosages,  in  all 


19 


dotage  regiment  there  w«t  no  central  nervous  syafcem  disorders  at 
necropsy  (Blend,  J . ,  ot  el. .  1961).  Cyc  1  oph«  sphom  1  da t  3.2  mg/kg, 
Injected  Intramuscularly  In  leukeiaic  mice  resulted  in  no  immediate 
cytologic  changes.  Mitosis  of  the  leukemic  eells  which  ware  in  pro¬ 
gress  at  the  tine  of  injection,  or  started  a  short  time  following 
injections,  were  little  affected.  In  several  hours,  however,  the 
mitotic  index  dropped  indicating  that  the  number  of  cells  entering 
aitoeis  was  decraaead.  Thla  night  auggaat  a  delay  in  the  premitotic 
process.  After  24  hours  ths  mitotic  index  returned  to  its  initial 
value,  the  nltoaia  themselves,  however,  were  abnormal  and  progreeaed 
slowly.  Some  of  the  mitotic  configurations  eafaraee  to  b«  aborative  or 
produced  indivisible  daughter  cells  leading  to  a  decrease  in  cell 
population.  The  cell  injury  probably  occurred  during  interpheae 
many  hours  before  mitosis  and  this  might  Indicate  that  tumor  calls 
were  the  most  sensitive  to  the  chemical  action  of  eye lophosphani.de 
at  this  time.  It  is  Interesting  to  note  that  within  43  hours  the 
regular  aitotic  figures  again  become  evident  carrying  the  chrorao- 

eoaae  complement  as  tha  tumor  cells  b*t-re  therapy,  and  in«,icatin^ 
that  cl  she  cella  were  bars  ir  affected  (Kovscs,  S.,  g£  gl. . ,  I960), 

Vhen  treating  malignant  diseases  wtch  cytotoxic  agent*,  vn  want 
to  use  dosages  as  high  as  possible  to  get  the  beet  possible  effect  In 
tumor  tissue’  but  not  to  high  that  the  damage  to  Laporc&nt  normal 
tissues  becomes  dangerous  or  irreversible .  Hie  nose  serious  side 
effect  of  the  cytotoxic  agents  is  drnaga  to  the  bone  marrow  cella.'1 
(lessen •Meyer,  I.,  g£  g^. ,  I960) .  The  major  toxicologic  side  e  'feet 
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of  eye  iophoaphaaid*;  in  the  treatment  of  tamer  neoplasms  era  as  follows: 

&Uag&lBaUL  to  -£fat  J^M*L2ggliU&  liUHA’  Cyclophosphamide 
attain 1st a red  to  59  children  with  neoplastic  disease  in  which  leukopenia 
was  deliberately  induced  through  dosages  of  150-200  tag  per  square 
meter  initially,  and  maintenance  dose  individually  altered  to  maintain 
a  peripheral  white  count  of  from  2,000  and  5,000  pet  eubl-miillmeter, 
was  manifest  by  moderate  relative  granulocytopenia  end  monocytosis 
with  an  occasional  case  in  which  increases  in  eosinophils  was  noted. 

In  addition,  there  wan  moderate  anemia  with  hemoglobin  of  7-9  grass 
in  many  patients  who  had  received  the  drug  for  periods  of  up  to  two 
years.  There  was  relative  hypoplasia,  mild  granulocytopenia,  matu¬ 
ration  arrest  of  moderate  degree  in  both  the  granulocytic  and  erythro¬ 
cytic  elements  of  the  bone  marrow.  All  hematologic  depressions 
returned  to  their  initial  levels  after  termination  of  therapy,  (Sweeney, 
M.,  Tuttle,  A,,  Stteldorf,  J.,  gj  gi* ,  1962).  In  44  children  who 
had  received  2.5  mg/kg  -  5  »g/kg  for  5-10  days  initially  followed  by 
a  aaintenance  dose  culminating  in  total  '■’sage  ranges  of  374-470  mg/kg 
total,  there  we  :  931  Of  the  patients  exhibiting  a  decrease  in  total 
white  blood  count  -75X  of  whom  had  leer  then  1500  cells  per  cubic 
ailltciste  r  (Fembaeh,  D. ,  JLi*  >  1962). 

In  f.  study  in  which  eleven  out  cf  twenty-four  patients  with 
Hodgkin  '  t  distas..'  received  favorable  results  or  actual  remissions, 
it  was  determined  that  cyclophosphamide  was  lass  damaging  to  the 
arythrocyts^  and  thrombocytes  than  other  chemotherapeutic  agents 
(Obnet,  ££  ,  1962).  Following  chemotherapy  with  eye lophosphaalds 
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in  44  children  with  advanced  leukemia  it  was  observed  that  the  most 
carer* on  aide  effect  manifest  was  leukopenia  vitn  an  absence  of  thrombo¬ 
cytopenia  and  anemia.  It  la  of  Interest  to  note  that  the  leukopenia 
resulting  from  cyclophosphamide  chemotherapy  in  this  study  developed 
move  rapidly  in  a  higher  dorege  regimen  with  the  lowest  white  c oun¬ 
ce  curring  between  S  and  21  days  from  Initiation  of  therapy.  Total 
cumulative  dose  did  not  correlate,  however,  with  the  degree  of 
leukopenia.  It  wee  further  noted  that  leukemic  involvement  of  the 
contra!  aervour  system  was  net  inhibited  by  cyclophosphamide  chemo¬ 
therapy  (Fernbach,  S'.,  l! • »  1942). 

It.  a  study  comparing  the  anti -neoplastic  effect  of  cyclophos- 
ph snide  in  a  massive  dosage  reglaaen  (45-8C  rag/,vg  I.V.  at  4  week 
intervals)  versus  a  fractionated  Initial  regimen  followed  by  dally 
maintenance  dosages  (7.5  mg/kg  for  4*6  days  followed  by  50-150  mg 
oreliy)  In  33  patients  with  metastatic  breast  or  ovarian  cancer,  it 
was  concluded  that  $£  superiority  could  tie  demonstrated  as  "induced 
marrow  v«riclty  had  no  effect  on  the  rat*  of  remission."  However, 
in  this  study,  there  was  an  earlier  increase  in  toxic  mortality 
following  the  Larger  massive  drug  Injection  ragu-en,  (Coggins,  P.  , 
glsman  5 , ,  gJt  gi*  1961). 

In  a  study  of  105  records  Involving  individual*  uncar  cyclo¬ 
phosphamide  cheatotherapy  there  were  24  patients  in  which  the  white 
blood  count  went  below  2,  HOC  cells  y#r  cubic  mill  Lraetav.  5  patients 
In  which  the  count  waa  below  i.UCX  rails  x:  r  cu1.  Ic  mi  l  lifter  and 


46  p-rienra  who##  count  waa  bel<w  3  00b  cells.  There  was  no  cor  re  - 


latlon  between  leukopenia  and  degree  ol  response  (Heely,  J . ,  1964). 

Th*  mxxijaun  safe  dosage  initially  in  patients  without  he*  topoictlc 
disease  seems  Co  be  10>20  ag/Ug  to  *  total  of  4C  mg /kg  followed  by  a 
maintenance  dot*  eoumensurst*  with  m  whit*  count  of  2-5,000  colla  por 
cubic  millimeter  (Bundles,  tt  %]. .  1962).  Th#  primary  advantage  la 
Che  ute  of  cyclophosphamide  tMai  to  bo  th*  l«tt*v  destructive  effect 
on  che  megakaryocytes  and  thrombocytes  for  the  equivalent  of  the  tea* 
Leukopenic  effects  of  other  alkylating  agent*.  In  add4 cion,  there  1* 
the  distinct  advantage  in  it*  vitro  inactivity,  a*  compared  to 
nitrogen  mustard,  in  that  Chore  is  no  reaction  at  the  site  of  injection, 
coupled  with  the  fact  thet  one  is  not  halted  to  intrsvsoou*  route* 
as  cyclophosphamide  may  he  administered  par  os,  inti  muscular ly, 
intra-peritonea ily,  or  In  th*  pleural  or  porieardlal  sacs  (Solomon, 

J.,  Alexander,  M. ,  Stslnfsid,  J.,  1963).  In  s  comparison  of  tbs 
effect  of  cyclophosphamide  and  nitrogen  mustard  in  term*  of  toxic  aid* 
effects  in  14  leukemic  patients  it  is  concluded  that  th*  uveiophos- 
phaaidc  attacks  a  generation  of  marrow  colls  about  ooo  wsea  older 
than  the  generation  of  marrow  cells  attacked  by  nitrogen  mustard . 

This  could  be  explained  on  tho  basis  of  a  leek  of  specific  ensymus  in 
the  Iranuturi!  or  younger  cell*,  in  addition,  tho  megakaryocyte  aeries 
is  less  vulnerable  to  cyclophosphamide  then  those  cells  la  the 
granulocytic  series,  again  explained  on  the  basis  of  the  lack  of 
enayrms  necessary  for  activation  of  the  agent  (Hi  seen -Meyer,  R. , 
at  ai. ,  L9o0).  the  #f fectiveneas  of  eye lophosphanide  chemotherapy 
cemas  to  be  enhanced  to  some  dugroe  by  the  intravenous  routes  of 
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administration  (Haar,  H . ,  ^1 . ,  1960),  but  at  the  same  tiras  patients 

feesa  to  be  less  tolerant  to  the  side  effects  through  this  route  of 
adblnistration  (Bsebct,  0.,  et  «!..  I960). 

Alopecia ;  Cyclophosphamide  Induced  alopecia  has  been  one  of  the 
unique  aide  effects  of  this  chemotherapeutic  agent.  Evaluations  of 
44  children  with  advanced  leukemia  indicated  that  the  second  most 
cor—  oa  side  effect  in  cyclophosphamide  chemotherapy  was  alopecia  of 
the  scalp,  brow,  eyebrows,  and  eyelashes  (Fembach,  D. ,  et  al. .  1962). 
In  a  study  of  25  individuals  with  various  malignant  neoplasms  who 
were  undergoing  cyclophosphamide  chemotherapy,  ten  developed  partial 
to  complete  alopecia  In  time  Intervals  ranging  from  2-50  weeks  from 
Initiation  of  therapy.  There  was  jjo  correlation  between  the  incidences 
or  severity  of  alopecia  and  the  total  dose  or  on  the  degree  of  leuko¬ 
penia.  The  alopecia  regressed  after  cessation  of  treatment  CFalhoon, 
G.»  et  al..  1963).  A  study  In  the  hair  cycle  In  six  patients  ages 
4-61  receiving  from  50-300  eg/ day  of  cyclophosphamide  for  various 
malignancies  indicated  that  the  agu  and  clinical  condition  of  the 
patients  did  not  seem  to  play  am y  significant  role  in  the  severity 
or  frequency  of  the  alopecia.  In  this  study  It  was  felt  that  the 
hair  at  the  periphery  was  not  as  likely  to  fall  out  then  heir  In  a 
central  area.  Histiologically,  there  was  no  explanation  as  far  as 
the  hairs  themselves  were  concerned.  It  Is  possible  that  the  alopecia 
Is  a  manifestation  of  a  metabolic  disturbance  of  the  mitotic  activity 
of  the  hair  matrix  cells  (Irown-Falcc,  0,s  1961).  ihe  heir  root  Is 
one  of  the  most  rapidly  proliferating  tissues  of  the  body,  r&nklrg 
with  the  cells  of  the  gastrointestinal  tract  and  bone  marrow,  and 
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since  cyclophosphamide  has  seaming ly  a  acre  specific  affect  on  pro* 
liferating  cells,  the  ciopacla  might  result  from  an  interruption  of 
ehe  mitotic  activity  of  these  rapidly  proliferating  cells  (Gold,  G., 

U  gl. ,  1962) . 

Gastrointestinal  disturbances :  Disturbances  of  tiw  gastro¬ 
intestinal  tract  compose  another  area  of  tha  body  in  which  tootle 
manifestation s  of  cyclophosphamide  activity  la  evident.  Ten  out  of 
forty-five  patients  with  Inoperable  cancer  treated  with  cyclophos¬ 
phamide  complained  of  fatigue,  end  anorexia;  ten  patients  suffered 
episodes  of  nausea  and  vomiting  which  was  controlled  by  antiematics 
(Haamer,  0.,  e£  gj,. ,  I960).  Cyclophosphamide  employed  over  e  three 
year  period  to  59  children  with  neoplastic  disease  resulted  in  gastro¬ 
intestinal  distress  varying  from  mild  anorexia  to  severe  vomiting  in 
alnost  all  of  the  children  whose  dose  range  was  high  in  the  initial 
phase  of  treatment  i.e.  150-200  mg. /square  meter  per  day  intra¬ 
venously.  The  most  severe  complaints,  however,  tended  to  subside  In 
several  days  or  could  be  controlled  (Dweangy ,  M«,  Tuttle,  A*,  g£.  » 

1062,  1963).  In  studies  comparing  cyclophosphamide  with  mannitol 
custard  in  32  patients  with  various  malignant  diseases,  it  was  observed 
that  both  agents  induced  nausea  and  real ting  which  was  dirsctly  related 
to  dose.  With  cyclophosphamide  given  per  os,  no  instance*  of  nausea 
and  vomiting  occurred  *•»  1*°>*  Ia  16  petients  with 

advanced  adenocarcinoma  of  the  gastrointestinal  tract  treated  with 
cyclophosphamide  end  Actlncmycin  D,  there  was  evidence  of  more  severe 
toxicity  greater  than  what  would  normally  be  expeeted  using  either 
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drug  alone,  as  evidenced  by  the  fact  that  in  88%  of  the  cases  nausea 
cad  vaulting  occurred,  followed  by  121  of  the  cases  who  developed 
gestro intestinal  hemorrhages  Otoert  1 ,  C.G.,  £^£l*,  1963).  It  is  of 
interest  to  compare  nitrogen  mustard  aad  cyclophosphamide  in  terms  of 
the  manifestation  of  achlorhydria  found  after  gastric  irradiation.  It 
was  demonstrated  that  nitrogen  mustard  causes  a  transient  achlorhydria 
probably  due  to  action  upon  cell  mitosis  with  decline  cf  cell  repro¬ 
duction  and  ceil  function.  On  the  other  hand,  cyclophosphamide  did 
not  produce  achlorhydria  supposed' r  because  the  postulated  enayme 
phoapharaide  necessary  for  the  as*  ration  of  cyclophosphamide  does 
not  exist  in  great  quantities  in  the  stomach  (Bauoe,  P.,  1962). 

Other  raipceilanaous  symptoms  attributed  aa  side  effects  in  cyclo¬ 
phosphamide  therapy  has  been  hematuria  and  chemical  cystitis  (to  bo 
discussed  in  the  noxt  section),  redness  and  ulceration  of  the  buccal 
mucosa  rod  akin  eruptions,  (Ton,  C.,  <|£  j^. ,  1961),  and  Jaundice  with 
accompanies  abnormal  liver  function  studies  in  two  leukemic  children 
under  chemotherapy  (Pernbach,  D. ,  at  ml..  1962).  In  one  case  of 
initial  and  maintenance  treatment  with  cyclophosphamide  in  a  pregnant 
woman  with  Hodgkin's  disease  there  was  evidence  of  teratogenic  effects 
cm  the  child  by  this  chemotherapeutic  agent.  After  spontaneous  onset 
of  labor,  a  four  pound,  four  ounce  boy  was  delivered  with  four  toes 
on  each  foot,  a  flattened  nasal  ridge,  a  slightly  hypoplastic  middle 
phalanx  of  the  fifth  finger  and  bilaterfcl  inguinal  hernia  sacs. 
Chromosomal  analysis  on  peripheral  blood  leukocyte  cultures  rovealsd 
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a  total  of  46  chroo.  >«  taes  with  normal  karyotype.  If  cyelophoapbamide 
exerts  Us  effect  by  alkylation  of  tha  sueceptlble  radicals  in  the 
nucieoproteioo ,  calls  with  tha  graatast  aitotle  activity  would  ha  tha 
moat  t  'fected.  The  aitotle  poison  might  causa  malformations  by  acting 
«s  growth  Inhibitors  on  certain  tissues  in  a  particular  phase  of 
growth  at  any  one  particular  tine.  Tha  initial  treatment  in  thla 
woman  with  this  agent  coincided  with  the  embryonic  development  of  the 
particular  tissues  affected  (Groan  berg,  gfc  si. .  1964). 

Finally,  I  think  it  of  general  interest  to  note  that  according 
to  published  accounts,  side  effects  Induced  by  cyclophosphamide 

wore  either  entirely  absent  or  at  best,  extrenely  minimal.  In  the 
treatment  of  a  56  year  old  man  with  infiltrating  duct  careinosia  with¬ 
out  metastasis  treatment  culminated  la  a  total  doaa  of  6000  mg  (6  grama) 
in  which  there  waa  radiographic  Improvement  and  absolutely  no  side 
c’  iecte  (Gonzales,  E. .  1961).  In  the  treatment  of  ten  children  with 
various  malign.>nc tj*  only  six  had  any  appreciable  side  affects  and 
that  was  limited  co  a  very  transient  leukopenia.  Initial  dotages 
were  at  the  nlnlnan  of  33  ag/kg.  Not*  of  tha  children  showed  evidence 
of  nausea  or  vomiting  (Cromblett,  H.,  1960).  Cyclophosphamide,  in 
dotages  of  200-4X  ng  per  day  lnt ravenously,  in  fiv*  patients  with 
oMtastasiein*  nesopharyaegeai  cancer  showed  side  affects  limited  to 
spontaneously  reversible  leukopenia  (Haddad,  N.  ft  «1. .  1963). 

awtuiAt  .«bLULt£JLii  £giUUi  £aAggfagaglMaldi 

Chemotherapy :  Another  unique  and  sometime#  fatal  side  affect  in  cyclo¬ 
phosphamide  chemotherapy  has  bocn  the  infrequent  occurrence  of  a  sterile 
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cystitis  in  sons  patients.  It  is  by  no  means  s  consistent  Aide  effect 
in  the  vest  majority  of  the  reported  cases,  but  its  occurrence  In 
cone  of  the  cyclophosphamide  managed  pati'nts  had  been  severe  enough 
to  conplec41y  interfere  with  the  management  of  the  disease  process 
and  sonatinas  has  actually  contributed  to  the  patients  death.  It  is 
the  generally  held  opinion  by  many  chemothe*.  mets  familiar  with 
cyclophosphamide  treatment  that  the  frequency  of  chemical  cystitis 
night  be  proportional  to  the  increased  dosages  of  the  drug.  H^cvsr , 
these  opinions  are  at  variance  with  at  least  one  other  report  (Form, 

A. ,  Jd*  -  l964)  in  which  there  was  nc  correlation  between  the  ,osc 
and  severe  cytologic  atypias  observed  frr  b  patient  urocytogrc.nr . 

Moderate  to  gevera  hemorrhagic  cystitis  was  seen  in  many  patients 
in  a  study  of  16  children  under  treatment  with  eye lophoepbanr. ^  u ltd 
acute  s'*«ra  cell  leukemia.  Thl*  cy#tlt<.s  seemed  to  coincide  in  Chose 
children  who  received  long  terra  continuous  >  ral  therapy  (Sweene,  ,  A., 
Tuttle,  J. ,  Ittaldorf,  gl  • ,  1963).  Urinary  frequency,  dysuria  and 
hsMCuna  occurred  in  20  out  of  56  patients  receiving  eye lophosphani.de 
ior  various  malignant  poop .asms.  The  oynptoras  theaselves  did  not 
appear  until  5-6  weeks  after  courses  of  rontiauous  therapy.  The 
bastatui  i*  observed  varied  from  microscopic  to  ,ro*s  bleeding.  Urine 
cultures  and  coiony  count#  were  normal  .  2n  the  lev  cases  where 
thrombocytopenia  occurred,  the  hematuria  thv‘  deve  oped  wac  more  atverr 
and  raoreppro longed.  Cyst  iscop ic.  exam;  n it  .or  secaw.  shed  in  two 
children  who  did  not  have  th  ran  hoc ;  - 1  c*rw>  n  1  #  revealed  nasci  >us  tenor 
rhaglc.  vesicular,  and  ulcerative  wee  sal  b  .adder  lesione. 
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these  lesions  indicated  no  neoplaatie  cells*  It  was  noticed  by  cysto- 
gv  *»hic  and  cystoecopic  examinations  as  well  us  at  autopsy  that  those 
lesions  tended  to  heal  with  considerable  scar  tissue.  Xn  patients 
with  severe  Involvement,  bladder  contracture  occurred*  end  the  dure* 
t ion  of  th< rr  bladder  symptoms  varied  iron  a  few  hours  to  weeks  at  a 
time  with  very  coaraon  recurrancas  (Sweeney,  X.,  Tuttle,  A.,  Ktteldorf, 

J . e£  gjl. ,  1962).  Henorrhagic  cystitis  was  attributed  to  tour  cases 
of  leak  sale  children  undergoing  cyclophosphamide  chemotherapy  by 
Fembuch,  ££  gi, • .  1962.  This  cystitit  started  with  dysuria  followed 
by  hematuria.  In  one  child  there  were  recurrent  episodes  that  oeaeed 
when  therapy  w as  discontinued.  In  another  child  the  hematuria  and 
dysuria  persisted  17  days  following  cessation  of  therapy.  One  other 
patient  in  whom  chowotfv  rapy  was  continued  during  the  manlfestetlen  of 
che-e  aynptoias  had  complete  disappearance  of  ehe  symptoms  after  34 
days  spontaneously.  All  patients  received  over  300  tag /kg  cvmuiefced 
dose  of  eyciophosphani.de  before  symptoms  appeared.  In  a  study  of 
seven  women  with  various  malignant  tumors  treated  with  cyclophosphamide 
in  cumulative  dosages  ranging  from  2.7  grams  .o  79. A  grans  there  wes 
hematuria  attributed  to  bladder  tonicity  to  the  drug  la  all  cases. 
Histologic  damage  of  the  bledder  wee  found  1c  all  patients  at  necropsy 
with  un*  woman  dying  of  uaeontroi 1 ab la  hematuria  after  16  months  of 
cyclophosphamide  chemotherapy  OLaufrumn,  J.,  1963).  la  one  patient 
with  lung  neoplasm  along  with  mediastinal  cervical  metastases  who 
showed  "frank  regressions"  of  he'  pulmonary  lesion**  following  cycle* 
phoaphaaldc  chemotherapy  chare  developed  curing  her  treatment  a  hemor¬ 
rhagic  cystitis  whir..,  w«s  still  present  two  oonthc  after  treatment 
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(Casa  res,  T«,  §£  ,  1961).  Ia  a  three  year  old  child  treated  vith 

large  Intravenous  Infusions  of  cyclophosphamide  for  three  days  followed 
by  maintenance  dosages  of  8  og/kg  per  os  for  a  metastatic  neuroblastoma, 
there  developed  ona  month  after  therapy  gross  hematuria  which  pro¬ 
gressed  to  "frank'1  bleeding  requiring  frequent  blood  transfusions 
which  persisted  for  two  months  until  his  death.  A  suprapubic  cystos- 
teesy  by  trochar  was  necessary  to  relieve  bladder  obstruction  by  blood 
clots  and  eystoscopy  revealed  multiple  petechial  hemorrhages  of  the 
bladder,  neck  end  wall.  There  was  no  tumor  in  the  bladder,  cystograras 
were  norma!  and  repeated  urine  cultures  were  negative.  At  necropsy 
the  bladder  was  large  and  Its  wall  was  thickened  and  appeared  fibrous. 
Histologically  there  was  marked  vascularity  of  sixm  areas  of  th« 
epithelium  and  in  the  tissue  below  the  eplthellua.  The  muscular  wall 
w&?  coosldarab-y  fibrosed  extending  to  the  serosal  surface  Such 
pathology  indtcstce  that  cyclophosphamide  can  cause  a  chronic  fibres- 
leg  and  hemorrhagic  eye tit is  that  is  severe  enough  to  produce  urinary 
obstruction  and  ' 'ensanguine  ting"  hemorrhage  (Georgs,  P.,  1963).  In 
93  cases  of  various  naligneucies  under  therapy  with  cyclophospharl.de 
thcic  were  two  cases  ir.  which  cystitis  occurred.  In  one  patient  with 
iyvrpnatic  leukemia,  bladder  bleeding  precipitated  death  (Mealy,  J,, 
1964V.  DyaurU  lollcwed  by  hematuria  developed  In  four  children  *  ith 
acute  leukemia  iolicwing  cwsuLatlve  dosage  ranges  of  from  314-470  mg/kg 
of  cyclophosphamide .  Eepeated  urine  cultures  were  negative  (Pembech, 

D.  ,  el. .  1962).  Two  out  of  five  patients  receiving  daily  taalates* 
nance  dosages  of  2.5  eg/kg  of  cyclophosphamide  for  Swing’s  sarcoma 
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developed  a  « ter lie  hemorrhagic  cystitis  (Sutow,  W . ,  at  f[..  1962). 

At  dotage*  of  4  tag/kg  par  day  In  29  paeiene*  receiving  cyclophos¬ 
phamide  for  multiple  myeloma,  two  patient*  developed  a  "sterile" 
cyetltls  (Rivers,  8.,  tJL  &L*  •  1963). 

Phillips,  F.,  in  1961  conducted  the  moat  complete  s'udy 

of  the  relationships  be tweet  cyclophosphamide  end  its  "active"  deriv- 
at  Ives  on  the  urinary  bladder.  Xn  his  studies  on  rata  and  dogs 
following  dosage  regimens  of  from  29-333  mg /kg  ef  cyclophosphamide, 
it  was  determined  that  the  urine  t  >lurae  van  significantly  decreased 
during  the  first  two  hour*  following  it rape r l tones 1  administration 
of  222  ag/kg  of  cyclophosphamide.  Hit  urine  in  these  experiments! 
animals  contained  e  Mgh  concentration  of  alkylating  substances  which 
were  neithtr  cyclophosphamide  or  nor-nltrogen  mustard.  The  LD^  in 
his  experimental  rats  was  determined  to  be  182  mg/kg.  Most  of  the 
deaths  occurred  after  the  seventh  day  following  a  dosage  of  222  or 
333  mg/kg.  Lympnopenl a  and  neutropenia  la  theea  animals  began  within 
24  hours  and  was  extreme  between  2  and  8  days.  Sacrificed  anlrils 
showed  extensive  ulcerations  of  the  bladd«r  mucosa  with  e  blot  ty 
exudate  in  the  lumen.  This  exudate  contained  cellular  debris,  fibrin 
and  inf lanmatory  cells.  Ths  uleeratioo  remained  prominent  through 
the  sixth  day  with  repair  and  regeneration  evident  by  the  fourth  day. 
At  this  time  mitotic  activity  was  notsd  in  the  epltbelliaE  outside  the 
semes  of  ulceration  along  with  fibroblast-,  histiocytes  and  poly¬ 
morphonuclear  neutrophils  in  the  eubmucosa.  Ths  bladder  epithelium 
was  intact  by  the  eighth  day.  By  the  I2»13th  day  the  epithelium  was 
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normal  but  there  were  numerous  histiocyte*  laden  with  hemosiderin 
throughout  the  eubaucofra.  Ederaa  -which  wet  evident  after  24  hour* 
was  still  present  after  12-13  days.  Evidence  of  renal  lesions  were 
found  in  sane  of  the  animals  consisting  of  focal  areas  of  hydro¬ 
nephrosis  end  necrosis  of  the  convoluted  tubules.  There  was  evidence 
of  edeae  within  the  prostata  but  ii  wee  thought  tc  be  due  to  contiguous 
dosage  from  tonic  urine.  Dosages  in  rats  as  low  es  29  sag /kg  were  toxic 
to  the  bladder  end  produced  aucogal  hemorrhage*.  Injections  of  "toxic 
urine"  directly  into  the  bladder  of  female  doge  fro*  donor  animals 
treated  with  cyclophosphamide  intravenously  showed  marked  areas  of 
hemorrhage  on  the  luminal  surface  of  the  bladder.  Widespread  ideraa 
vac  also  observed  along  with  areas  of  hemorrhage  within  the  subemiccaa. 
Sense  of  the  animals  showed  focal  muscle  necrosis.  These  pathologic 
changes  were  consistent  in  those  seen  in  the  donor  animals  treated 
Intravenously  with  cyclophosphamide .  Direct  injections  of  cyclo- 
pviOsphanide  into  the  bladder  Lumen  of  female  dogs  failed  to  shew  ar*'T 
significant  pathology. 

Introporitoneal  injections  of  normitrogen  rwa?  .ard  into  theca 
experimental  animals  failed  to  shew  any  evidaace  of  bladder  damage. 

It  is  of  interest  go  note  that  when  cyclophosphamide  was  injected 
in  low  dosages  along  with  the  oreotic  diuretic  mannitol,  compute 
protection  of  the  bladder  was  observed.  Tti*  vas  not  the  care  with 
higher  dosages  due  to  an  apparent  *ati-d*  Title  effect  caused  by 
these  higher  dosage*  (fhllUpe,  Sill**  1961).  TM*  experimental 
■niasl  *tudy  indicate*  the  following: 
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(1) .  intraperitonsal  and  Utrmanu  injections  of  eyelophoe” 
phamide  into  rat*  and  dogs  at  dosages  rtoilnn  froa  29*333  *g/k| 
indue*  severe  bladder  toxicity, 

(2) .  evidence  of  h.ghar  concent rat lone  of  alkylating  agent* 
ware  found  in  the  bladder  following  eye Loyfcoephaart.de  administration. 
However,  the  toxic  tub* ranees  were  not  cycloyhosphaad.de  per  ee  or 
nor-uitrogen  mustard.  The  tonicity  of  the  bladder  urine  was  proved 
through  donor “recipient  bladder  urine  transfusions. 

(3) .  The  bladder  damage  can  ba  minimised  through  increased 

diuresis.^ 

(4) .  The  cite(e)  of  cyclophosphamide  activation  axe  uncertain 
as  are  the  nature  of  same  of  the  intexmedlery  cytotoxic  derivatives. 


LThe  importance  of  adequate  diuresis  is  manifest  in  tha  low 
incidence  of  chemical,  sterile  cystitis  resulting  from  eye leyhoeyheadde 
therapy  at  University  Hospital ,  Columbus,  Ohio.  In  a  private  sen* 
versatlon  with  Dr.  Bertha  Beuroocle,  Aeeociate  Professor  of  Medicine, 
University  Hospital,  ah*  indies  tad  that  she  was  not  smn  of  a  single 
case  of  cyclopboephsmide  Induced  cystitis  at  the  hospital  dor  ever 
a  year  and  a  half.  Her  explanation  for  this  absence  of  cystitis  wee 
due  solely  to  proper  hydration  of  the  patient.  Failure  to  neiatain 
adequate  hydration  became  men 1 test  in  one  patient  suffering  from 
Hodgkin's  disease,  who  admitted  of  becoming  somewhat  "dehydrated" 
during  final  exams  while  under  treatment  with  cyclophosphamide,  and 
who  developed  cymptone  of  urgency  end  frequency  of  ur  last  lot?  which 
was  attributed  to  the  cyclophosphamide.  With  proper  hydratlen,  the 
symptom*  ceased. 
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My  general  conclusions  In  reference  Co  thia  subject  of  cyecicle 
resulting  from  cyclophosphamide  following  a  review  of  liceraCure 
are  aa  follows} 

(1) .  There  seems  to  be  a  correlation  between  dose  and  frequency 
ot  occurran  .a  but  no  correlation  in  the  relative  time  of  occurrence 
during  or  following  the  chemoeherep7  administration.  The  relative 
smaller  perceuiat^vb  ul  cliuical  occurrences  in  the  literature  «*: 
compared  to  the  other  bloisyic  end  toxicologic  manifestations  of  the 
drug  is  either  due  to  proper  hydration  of  the  patients  in  the  majority 
of  Individual?,  cr  to  a  law  susceptlbi  lity  to  -aetabolic  product  as  of 
cyclophosphamide . 

(2) .  The  cytotoxic  products  producing  the  pathological  emit  it  ion 
in  the  bladder  is  not  limited  to  excreted  unchanged  form  of  cyclo¬ 
phosphamide  or  aor-nltxogen  mustard. 

(3) .  The  activation  of  eye lophosphamide  is  most  likely  due  to 
an  enrymatlc  process  oe  erring  probably  at  multiple  sites  o£  the  body. 
The  enaytaa  moat  likely  responsible  is  ?ho  spheral -la »e  which  transforms 
the  "inactive"  form  of  eye lophosphamide  to  the  "active"  form  resulting 
in  cytotoxic  derivatives  which  can  induce  bladder  damage. 


METHODS  AND  MATERIALS 


temiaa&ii  AatoiAa  Isx  to&ttsa  ftteimm 

Thirty- two  vh i  te ,  «iU  Wester  rats  vara  ob reload  on  6  January 
1965  frcsn  the  Carvorth  Farms,  New  City,  Now  York.  The  weights  of 
those  enimals  on  delivery  ranged  from  240-333  grass.  Tha  an  Inals 
were  placed  in  individual  wlra  cages  without  bedding  notarial  In  the 
air  conditioned  animal  room  of  tha  Department  of  Itathology,  Ohio 
State  'University,  School  or  Medicine.  The  anlnala  were  given  free 
access  to  water  and  Purina  Laboratory  Chew  manufactured  by  the  Kale too 
Purina  Company.  According  to  the  manufacturer's  specification  as 
I -sted  on  the  food  bags,  this  food  contains  not  less  than  23%  animal 
protein.  not  nore  than  6%  crude  fat  fibre,  not  more  than  9%  ash,  and 
not  less  than  4.5%  crude  fat.  The  constituents  of  the  food  coneltta 
.eat  ind  bone  neal,  dried  skin  milk,  gem  meal,  liver  meal,  dried 
i-cet  oulp,  dried  extruded  com,  oat  Id  mgs,  soybean  meal,  dehydrated 
alfalfa  ratal,  cane  molasses,  animal  fat  preserved  in  butyl.  Idehydromy- 
\ri i so’.e,  vitamin  B •  - »  calcltna  panthothenate ,  folic  aeld,  riboflavin, 
br^r'e  dried  yeast,  thiamin,  niacin,  vitamins  A,  D,  and  E,  activated 
plant  sterol,  phosphorous  Iodised  salt.  FeMTH^,  citrate,  ►taSQg,  and 
dnO ,  The  animals  were  not  given  any  other  feod  supplement,  the  animals 
were  observed  daily  for  s  period  of  nine  days  during  which  time  there 
was  additional  weight  pain  in  all  animals  and  no  obvious  manifestation 
of  dL$»jts«.  All  animals  ware  alert  and  responsive,  the  stools  were 
hard  formed  and  the  urine  was  a  clear  yellow.  On  the  evening  prior  to 
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the  In  it  tat  loo  of  the  expo  r  intent,  14  January  1963,  each  individual 
animal  vaa  again  weighed  with  the  weights  of  these  anlmala  ranging 
from  259-342  grama. 

Six  vials,  each  containing  500  mg  of  cyclophosphamide,  was  ob¬ 
tained  from  the  pharmacy  of  the  University  Hospital,  Ohio  State 
University  three  daye  prior  to  beginning  of  the  experiment.  At  approx¬ 
imately  05Gu  hours  on  the  morning  of  15  January  1963,  twenty-five 
cubic  centimeters  of  sterile  distilled  vater  wee  injected  into  each 
of  the  cyclophospheaide  vials.  The  injections  were  made  through  a 
25  cc  sterile  syringe  end  a  aerlaa  of  six  startle  20  guage  needles 
following  the  removal  of  the  metal  protective  cap  on  the  cyclophos¬ 
phamide  vial  and  subsequent  cleansing  of  the  rubber  stopper  with 
sterile  cotton  soaked  in  absolute  alcohol.  Introduction  or  25cc's 
of  sterile  water  into  the  vial  is  the  reconuendad  procedure  for  cyclo¬ 
phosphamide  reconstitution  (Cytoxan;  Head  Johnson  Labor*. 

Tebruary,  l  >64).  The  solution  was  agitatad  and  allowed  to  stand  until 
it  was  clear.  Upon  complete  reconstitution,  the  concentration  of 
cyclophopphauldc  was  calculated  to  be  20mg  per  lee. 

At  approximate  .y  0600  hours  on  the  morning  of  the  15th  of 
January  each  or  the  thirty  animals  was  prepared  for  an  tntraper ltoneal 
injection  oi  cyciophoaphaalda.  The  quantity  of  th#  agent  was  deter¬ 
mined  by  th<!  Individual  weights  of  the  limit  at  a  dose  of  222  mg/ kg 
oi  an  use  1  in  constant  voltaaa  of  approximate  ly  lec  per  ICO  grams  of 
amaal  (fhiilipa,  ay  fl^ •  .  '961).  Iha  .."uaals  were  held  firmly 
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and  th«  agent  administered  Intrapur ltoneally  with  a  Mr  Lac  of  sterile 
See  syringes  and  23  guagt  oae  half  inch  needles  into  th$  animal  at  a 
point  approximately  aid-way  batwoon  the  upper  and  lower  right  qvadrant . 
The  short  needle  was  used  to  minimise  any  possibility  of  accidently 
perforating  the  intest  Lives.  All  injections  wore  concluded  without 
any  undo  incident.  The  two  control  animals  wore  injected  intra- 
perteoneally  with  sterile  isotoulc  saline  solution  At  «  volume  of  lea 
per  ICO  grsKss  of  an im* l  in  an  identical  manner.  The  sterile  5ec 
syringes  and  disposable  needles  were  obtained  from  Central  Supply, 
University  Hospital,  Ohio  State  University,  School  of  Medicine. 

Following  the  injections,  the  animals  were  observed  at  daily  and 
nightly  intervale  for  overt  signs  of  tonicity  for  «  period  of  fourteen 
days.  These  observations  iaclui*d  investigation  of  the  physical  states 
of  the  animals  before  and  after  excitation.  Kxeitation  included 
physical  probing  and  Insufflation  of  the  animals.  Gross  examination 
or  the  urine  of  each  animal  during  these  intervals  was  made  for  the 
presence  of  hematuria.  Individual  animal  weights  ware  recorded  on  the 
3rd,  6fcn  and  12th  day  of  the  experiment. 

Animals  were  selected  to  be  sacrificed  on  the  basis  of  marked 
physical  debilitation  end  unresponslveness  at  nay  time  over  the  period 
of  the  fourteen  diy  experiment.  The  animals  selected  for  sacrifice 
were  on  the  fo l1 owing  experimental  d~7  •  7  hours,  24  hours.  Id ays , 

4  days,  6  days,  9  days,  10  days,  U  mad  14  days.  The  period  of  8-13 
day*  represented  the  time  following  the  Ini*. la  1  injection  wfesu  natural 
anlma'i  .’maths  occurred. 
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Th«  animals  were  poienxad  and  the  abdomen  was  opened  by  a  aid- 
line  arcs a  incision.  The  organs,  including  Che  lungs  were  examined 
to  determine  any  gross  organ  changes.  The  bladder  was  carefully 
examined  situ .  the  ureters  were  cut  and  the  bladder  remove d .  Fol¬ 
lowing  bladder  removal  *  dissection  of  the  bladder  wee  made  exposing 
the  mucosal  bladder  surface,  A  snail  portion  of  tbs  mucosa  was  cut 
out  for  osmium  tetroxide  fixation.  The  remaining  bladder  was  sectioned 
then  cut  Into  two  portions  end  placed  in  buffered  formal  calcium. 

These  tissues  were  the. a  processed  through  fixation  and  dphydrrtion  in 
a  Technical,  embedded  in  parr  a  fin  and  seeti  ned  to  a  thickness  of 
7*10  microns.  The  sectioned  tissue  was  pieced  on  individual  glass 
microscope  slide-3  ind  stained  with  hematoxylin  and  cogin. 

The  snail  section  of  bladder  (3-5  am3)  cut  for  electron  microscopy 
was  finely  sectioned  with  acetone  cleaned  raaor  blades  to  a  thickness 
of  .approximate 7a*  0.5  to  1  cubic  millimeter  and  placed  liaaedlatelv  into 
a  ->50  percent  is  atonic*.  1  ly  prepared  solution  oanitsn  tetrcoclde  con¬ 
taining  glucose  but' ♦••red  in  phosphate  to  a  pK  of  7.3  (Mlllsnig,  G., 
1761).  At  exactly  one  hour  following  fixation  in  omnium  tetroxid*  the 
osmium  war-,  re-iW’^d  with  a  stoppered  pipette  and  the  tissue  dehydrated 
through  50'.,  70%,  )5T  and  abeolute  alcohol.  Following  this  dehydra¬ 
tion  process,  propylene  oxide  *?a«  added  to  the  tissue  which  was  then 
placed  in  the  refrigerator  for  cnlrty  minutes.  Following  this  re frig - 
•ration  the  tissue  was  placed  in  e^uai  volurws.i  oc  Knraglass  oooxy 
resin  and  propyl  am  oxide  for  one  ’..out  ami  a  half  in  the  re  frig*  ;ator . 
the  addition  of  pTrrr*y leave  otti.de  allows  tor  adequate  mine Ibi  1  Lty  of  the 
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epoxy  resin  and  tissue  which  would  otherwise  not  occur  in  alcohol. 

At  the  coop let ion  cf  this  time  Interval  Che  tissue  wee  pieced  In 

Hetrefless  epasry  resin  overnight  In  the  re  frigs  ret  or  to  allow  for 

complete  Inf il Ltretlon  of  the  tissue  by  this  embedding  materiel,  On 

the  following  day  twenty* two  individual  tissue  sections  of  eeeh  animal 

vert  pieced  In  separate  plastic  polymerisation  capsules  contain  lag  Che 

Maragiaes  epoxy  rosin,  trapped  air  bubbles  wwre  r— ovsd  end  the  eepeulee 

o 

placed  in  n  57*60  C  oven  for  four  days  in  order  to  achieve  resin  poly* 
irrigation,  Following  polymerisation,  the  plastic  capsules  were  cut 
away  c-~"i  the  tissue  blocks  sectioned  with  e  glass  knife  on  e  Porter* 
iiltrn  ulm  thin  microtome  to  a  thickness  of  one  micron.  The  sections 
wire  placed  on  glass  microscopic  slides  and  stained  for  approximately 
36*45  seconds  in  n  two  percent  solution  of  Toluldine  Blue  (Trump,  B. . 
eg.  si.  1  =#o  1)  and  then  examined  microscopically  for  the  presence  of 
bladder  epithelium.  Those  blocks  containing  epithelium  were  set 
n<titie  and  the  appropriate  blocks  for  subsequent  electron  microscopy 
ware  selected  on  the  basis  of  epithelial  necrosis,  dy- pleat*  and 
«v ids  nee  cellular  regeneration.  Those  blocks  es looted  for  electron 
microscopy  were  sectioned  to  e  thlefcneas  of  200  I  with  s  glees  kaitc 
oi.  the  pnrtcr*Blun  ultrathtn  microtome  sad  expanded  to  uuaisMa  alee 
by  chloroform  vapor  applied  over  the  sect ions.  These  expanded  sections 
wars  placed  on  300  aw  eh  copper  grids  and  allowed  to  dry  on  ths  gnu* 

'or  approximate ly  twenty- four  hours.  The  grids  wars  then  stained  with 
*  saturated  solution  of  50%  alcohol  and  nrenyl  acetate  for  one  hour 
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and  it  half  in  tha  dark  oti,  H. ,  1953),  followed  by  application 

of  load  citrate  (ftcynolds,  F«,  1963)  for  thirty  minute*.  Ifc*  taction* 
were  oscasrlnad  on  a  8CA-©iU-3F  electron  microscope  in  the  Department 
of  Anatomy,  The  Ohio  Stats  Univaroity,  School  of  Mad iclne. 
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gbHfvatiffin  toltt  JLllt-gi  SJ&  AfrUiU 

Following  the  intraperltoneal  injections  of  cyclophosphamide, 
che  animals  More  observed  boi  ly  for  any  toxic  nan  if*  stations  for  the 
first  elghti-un  hours.  Oiv  hour  following  Injections  all  the  aalnucls 
were  responsive,  but  there  was  evidence  of  “ruffling''  of  their  heir 
coat.  Three  hours  following  injection  one  animal  bed  developed  e 
marked  hematuria  and  was  moderately  unresponsive.  At  air  hours, 
twenty-five  01  the  thirty  experimental  animal*  had  developed  marked, 
grossly  observable  heaaturta.  At  seven  hours  the  an  Inal  Chet  bad 
developed  gross  hmaturi-a  at  three  hours  demonstrated  a  narked  un  re¬ 
sponsiveness  to  physical  stimuli  and  was  subsequently  sacrificed.  Two 
additional  an  va  1  s  also  demonstrating  taarked  unrtsponslveoer*  ware 
sacrificed  at  tventy-four  hours.  At  the  3'  hour  peri  or"  all  animals 
(norma  s  excepteO  showed  a  moderate  to  marked  degree  of  unresponsive- 
nee*  following  physical  probing  and  Insufflation.  At  AS  hours  there 
was  a  “xx k; rate  dojrec  of  uaprovs— nt  in  teraa  of  animal  responsive¬ 
ness  n  all  but  throe  animals.  Sixty  hours  following  -njictlou  all 
grossly  observable  evidence  of  hematuria  had  disappeared  from  che 
near * n Lng  animals  and  the  urine  was  clear  yellow.  Three  days 
iol  lowing  injc.-tlon  there  was  ao  change  in  the  condition  of  the 
animal*  the  three  animals  previously  described  at  48  hours  as  being 
rc’atlveiy  unresponsive  had  regained  so,  with  two  being  sacrificed 
on  the  third  day  end  the  other  gacriftc*'*  u  the  foiling  day.  C»’- 
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culatlon  or  the  weights  of  these  Rnimsla  at  72  hours  shoved  weight 
loss  in  el)  animals  ranging  froru  3  to  17  per  cent  (Table  1).  Five 
days  following  injection  hematuria  was  evident  for  the  first  time  in 
one  animal  and  had  recurred  in  another.  On  the  sixth  day  fol leering 
injection  thirteen  of  the  remaining  twenty-four  animals  showed  hema¬ 
turia.  All  but  one  of  these  animals  had  previously  demonstrated 
hematuria  at  six  hour*  following  injection.  The  animala  themselves, 
however,  appeared  moderately  responsive  and  calculation  of  their 
individual  weights  At  this  six  day  period  showed  an  additional  decrease 
ranging  from  3-16  per  cent  in  tvon..,  ’one  of  the  an Inals  and  «n  increase 
of  approximately  three  to  five  per  cent  la  weight,  as  compared  to 
their  weights  calculated  at  72  hours  post  injection  period,  in  the 
»*«aainirg  three  animals.  The  hematuria  described  In  these  animals 
continued  intermittently  over  the  neat  five  days  but  h.,d  ceased  in 
ail  but  tvo  animals  by  the  twelfth  day.  Generally,  all  animals  had 
'Ti  a  moderate  degree  of  responsiveness  from  the  *ixth  day  post 
injection  rstll  the  eighth  Hay.  On  the  eighth  day  the  .rat  anioal 
was  found  dead  and  the  responslvaness  of  eome  of  the  other  animals 
had  deteriorated.  One  ar  las* i  found  to  be  markedly  un»e«pc:itlve  to 
physical  stinuli  at  this  time  was  sacrificed.  deterioration  in  gagg 
animals  continued  over  the  next  five  days  resulting  in  additional 
natural  d'tath-  of  three  animals  on  the  ninth  day,  two  animals  on  the 
tenth  day  and  ona  on  the  thirteenth  **y.  At  these  low  intervals  of 
nine,  ten  and  thirteen  days,  ona  animal  was  selected  to  i*»  sacrificed, 
of  these  animals  selected  were  markedly  unresponsive  and  appar- 


•at iy  near  death .  Calculation  of  Individual  an  Inal  weights  at  tha 
twelfth  day  following  injection  Indicated  that  thara  vaa  weight  lost 
ranging  from  1-16  per  cant  In  eleven  animals,  weight  gain  la  one 
animal  and  identical  walghta  in  two  animals ,  when  compared  to  their 
calculated  walghta  at  tha  six  days  post  injection  period.  Observance 
of  the  other  an  baa Is  over  this  period  of  tine  showed  a  aeneral 
increase  in  ns apo^sivene at  and  activity.  On  tha  fourteenth  day  no 
remaining  animal  demonstrated  any  evidence  of  hematuria  and  all  appear¬ 
ed  increasingly  responsive  to  physical  stimuli.  In  order  to  study 
electron  microscopically  any  evidence  of  bladder  tegeneret ion ,  one 
animal  was  selected  at  this  fourteen  day  period  to  be  sacrificed. 

Xn  conclusion,  observations  of  thirty  male  Wester  rets  following 
a  single  intraperltooeei  injection  of  222  mg/kg  of  cyclophosphamide 
indicates  the  following: 

1.  Toxic  .aan  if  citations  as  eariy  as  three  hour*  following  in- 
j  'ct ion  in  the  form  of  hematuria. 

2.  Widespread  haaeturla  effecting  23  of  the  30  animals  within 
elx  hours  alone  with  marked  decrease  in  x*epenslvenaee  In  ell  animal# 

36  hours  following  injection, 

3.  Cessation  of  groat  hematuria  after  6#  hours  followed  by 
recurrence  at  periodic  intervals  in  soma  animals, 

4.  Natural  daathe  occurring  8  to  13  days  following  injections 
with  the  mag lmum  number  of  deaths  occurring  ea  the  9th  day, 

5.  Kvideace  of  animal  rehabilitation  in  |jg§  animals  on  the 
twelfth  day  «nd  in  ell  the  reraaiaing  animals  by  the  14 tb  dev  «« 


45 


evidenced  by  th*  lack  of  hematuria  and  ..ncra,-  ae  In  reefxmc ivenese  to 
physical  stimuli. 

That  these  effects  vexe  the  result  of  cyclophosphamide  ia  evi- 
deT  jed  by  comparison  with  the  control  group  of  animals  In  which  pro¬ 
gressive  weight  gain  occurred  with  no  hemeturla  or  lost  of  responsive* 
nets  following  physical  stimulation  ovor  tha  entire  experimental  period. 
II.  ftlcroecoolc  Investigation 

▲.  The  Normal  Bladder  of  tats 

The  bladder  Is  a  hollow  muscular  organ  which  varies  in  shape 
and  in  aise  dapending  on  the  amount  of  urine  it  contains  (Woodburna. 

A.,  1961).  In  the  rat  there  are  five  pairs  of  organs,  surrounding 
the  bladdar,  which  are  much  larger  than  ..he  corresponding  organs  in 
man.  The  organa  consist  of  one  pair  of  prostate  glands,  two  large 
hook-shaped  and  convoluted  sum  Inal  vesicles  and  along  the  concavity 
of  these  vesicles  are  the  coagulating  glands  (Farris,  E-,  e£  ; 

1949).  The  mucus  ae-abraiie  lining  the  bladder  is  loosely  attached  to 
Its  musculature  over  most  of  its  surface  area  and  this  appears  led 

or  folded  except  who:,  the  bladder  Is  distended.  The  arteries  of  tha 
bladder  are  the  superior  and  inferior  vesicles  originating  freay  the 
entsrlor  trunk  of  the  internal  iiiaw  artery.  A  dense  network  cf  veins 
surrounds  the  n«_  of  the  bladder  in  the  end>p«lvtc  sreWlar  tissue 
(Woodburu*.  A.,  1961).  The  wall  of  the  urinary  bladder  It  composed 
of  the  easM  elements  as  that  of  the  lower  part  of  the  ureter.  This 
composition  consists  of  transitional  epithelium  which  varies  in  thick¬ 
ness  accordln*  to  the  degree  of  distenaion,  the  tunica  propxia,  eoooth 


muscle  and  advent  it  1*  (Ho  a  kin#,  M.,  at  al. ,  1952), 

LLght  f  ho  coral  crog  raphe  of  formalin  and  oamiua  fixed  normal 
bladder  opt theliur.  of  the  rat  (Tic.  1)  showed  that  the  transitional 
epithelium  eonsfsted  o *  several  layers,  with  the  surface  cells  larger 
and  somevdiar.  amt  flattened  than  the  Inturmndiate  or  baaalar  layers. 
Occasional  dense  bodies  or  so  called  "lipoid  granules"  were  often 
p  erect  '..i  t:u-  -virtue  cello  but  rarely  in  the  intermediate  layers. 
The-  Lrr  ?r? -.figuration  of  tha  intarmediate  and  baaalar  layars 

appeared  notoewhot  polygonal.  Tha  basement  membrane  beneath  tha 
b coll  layer  w;  s  thin  and  not  distinct.  The  connective  tlcaui 
of  the  l.»mine  preprt*  -os  sonevhat  dense  ind  In  the  deeper  tissue 
irsas.  the  smooth  er -snonsred  scry  thicl*. 

Slectror.  photoaicrograpbe  of  the  collapsed  blcdder  epithelium 
of  the  normal  ret  w.re  consistent  with  reported  observations  in  tha 
li-tsrst’ire  (leasn-',  7.  1962:  Richter,  V.,  1963;  Tortar,  K., 

fii  jJi*  ’963).  Tr.:  cell  type*  representing  the  transitional  apitfce- 
llma  of  the  r.'it  M  d  fr  con* if ted  of  *  superficial  cell  whieh  border 
the  blcdder  luoei  an  intermediate  call  type  which  appeared  slightly 
ssutilei  char,  the  r  jp-'rf  icial  csll  type,  and  *  fcassl  call  vhlch  rested 
upon  4  thin  bi'jjrat  a  TorVane  (Tig.  2).  The  superficial  calls  were 
somewhat  flattened  me  possessed  s  earhed  irregular  or  "scalloped" 
appearance  at  the  lunenai  surface,  (Tig.  3).  Within  the  superficial 
ceil  *ixc  in  the  proximal  areas  of  the  intermediate  cell  layer#  were 
numerous  round  and  compressed  vesicles  (Tig#.  3,  4  and  5).  The  cyto¬ 
plasm  f  these  transitional  epithelial  cell#  contained  a  few  small, 
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relatively  electron  donee  mitochondria,  ocooeionol  donee  bodies,  and 
a  fine  fibrillar  component  eaan  to  its  beet  advantage  in  Figuree  3 
and  4.  The  plasma  membrane  was  highly  interdlgitatad  with  a  terminal 
bar  prominent  at  the  luminal  surface  (Fig.  5).  The  Golgi  apparatus 
vaa  relatively  inconspiclous  in  most  calls  (Loeson,  I.,  1962)  and  the 
eudoplasmic  reticulum  wes  present  ea  rough* surfaced  cisternal  clcnent's 
(porter,  K.,  i>t  el. .  1963)  (Tig.  6).  Small,  relatively  uniform 
rlbcjomal  particles  were  present  in  the  superficial  cell  (Flga.  4,  5, 
end  6)  es  wall  ea  the  intermediate  end  Ijsslar  call  components.  The 
intermediate  cellular  layer  contained  the  compressed  and  round  vesicles 
In  area?  Just  proximal  to  the  surface  epithelial  ceil  and  relatively 
the  some  quantity  of  cytoplasmic  organa l Its  (Figs.  2  and  5).  Occa¬ 
sional  small  dense  bodies  were  also  seea  in  those  ceils.  The  basal 
layer  did  not  have  the  compressed  ves  tales.  The  nuclei  of  these 
cells  wore  smaller  than  the  nuclei  of  the  surface  or  intermediate 
cell*  and  ware  considered  to  b*  the  least  characteristic  of  the  throe 
cell  tyres  (Leoson,  E.,  1962).  The  basj  .  cells  rested  on  the  base¬ 
ment  membrane  which  divided  the  epithelial  cell  laysro  from  the  lssBina 
propria  (Fig.  2).  The  lamina  propria  consists^  of  relatively  dense 
connective  tissue  composed  of  collagen  fibres  surrounding  fibroblastic 
cellular  components  and  capillaries  (Fig.  7). 

R.  Cytopathology  of  the  Ret  Bladder  gpithelle  after  Cyclophosphamide 
The  firet  animal  vaa  sacrificed  seven  hours  after  the  intro- 
peritoneal  injection  ef  232  mg/kg.  This  animal  was  the  first  of  cm 
experimental  group  to  demonatrate  evidence  of  gross  hematuria  which 
occurred  three  hours  following  injection.  At  the  time  of  death,  the 


the  Animal  had  a  marked  Lack  of  responsiveness  to  physical  stlaaal * . 

The  4  la  tended  bladder  situ  shoved  no  evidence*  of  hemorrhage.  The 
lumen  of  the  dissected  bladder  was  filled  with  clotted  and  unelotted 
blood.  Microscopically  the  bladder  had  a  three  plus  edema  and  evidence 
of  hemorrhage.  The  epithelium  was  intact  in  some  areas  but  evidence 
of  exfoliation  was  noted  in  other  areas.  Microscopic  examination  of 
the  toluldine  blue  one  micron  sections  indicated  no  remarkable 
cellular  change  (Fig.  8) »  The  tissue  wag  not  observed  in  the  eleetroo 
microscope. 

Twenty-four  hours  following  injection  two  animals*  which  wen 
not  responsive  to  physical  stimulation  were  sacrificed,  both  of 
the  animals  had  developed  gross  hematuria  six  hours  following  injection* 
with  che  hematuria  persisting  until  death.  altu  examination  of  the 
abdominal  and  thoracic  cavities  indicated  no  groea  abnormalities 
although  the  kidneys  in  one  animal  were  pale.  Then  was  no  evidence 
of  hydrourctcr.  The  bladder  indicated  no  areas  of  hemorrhage ,  but 
the  lumen  contained  fresh  blood  and  blood  clots.  Microscopic  examt* 
nation  of  the  henatoxylln-eoein  end  toluldine  blue  sections  indicated 
two  plus  edema,  evidence  of  hemorrhage  and  marked  epithelial  desqua¬ 
mation  (Figs.  9  and  10).  The  kidneys  had  a  alight  amount  of  tubular 
damage. 

llectron  microscope  examination  of  the  osmium  Catron  Ida  fixed 
bladder  sections  demonstrated  som  anas  of  hemorrhage  as  evidenced 
by  the  presence  of  red  blood  cells  and  fibrin  along  with  inflammatory 
cells  and  products  of  cellular  degeneration  (Fig.  11).  Numerous 


extremely  electron  dense  particles  of  various  sizes  surrounded  by  a 
single  unit  membrane,  were  observed  within  tha  neutrophils.  These 
particles  arc  interpreted  as  possibly  being  phagocytlzcd  granules 
associated  with  other  ruptured  and  degenerating  granulocytes  (Pig.  12). 

The  epithelial  cells  contained  a  large  number  of  granules  that 
were  irregular  in  shape  and  surrounded  by  a  single  membrane  (Figs.  13 
3nd  17).  Thca^'  structures  sre  considered  to  be  lipid  granules.  The 
colls  lining  cho  Inner,  of  tha  bladder  had  only  occasional  compressed 
vesicles  -similar  to  those  in  the  cells  of  the  control  group  (Vlgs.  17, 

13  and  20) .  There  was  an  increased  number  of  smell,  irregularly- 
tfbaped  round  vesicles  in  the  cells  lining  tho  limen  and  in  cells 
beneath  then  (Fig.  13  end  17).  These  smaller  vesicles  could  repre¬ 
sent  a  morphological  alteration  of  the  compressed  vesicles  soon  in 
the  normal  epithelial  surface  cells.  The  endoplasmic  reticulum  consist¬ 
ed  of  agranular  cisternal  and  vesicular  elements  (Pigs.  13  and  14). 
Occasionally  small  whorls  of  agranular  endoplasmic  reticulum  were 
present  (Fig.  13).  In  some  cells,  granular  endoplasmic  reticulum  was 
site  present,  (Fig.  16).  The  Colgi  apparatus  in  some  cells  was  pro¬ 
minent,  (Fig.  14)  and  portions  of  its  components  appeared  swollen 
(Fig.  17).  The  mitochondria  of  some  of  these  cells  wore  normal 
although  they  vero  less  electron  dons?  than  those  described  in  the 
normal  colls  (Fig.  13).  In  other  cell.,  como  of  the  mitochondria 
appeared  damaged  (Figs.  16  and  18).  Some  cells  had  irregularly  shaped 
structures,  which  were  surrounded  by  a  single  or  double  membrane 
and  which  were  considered  to  be  products  of  cellular  degeneration 
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separated  frao  the  vlrblo  cell  components  (FI43.  17,  19  end  LG) . 

Dense  bed leg  of  variouj  cica*  (riga.  14,  16,  19  and  20)  wers  evident 
in  seme  of  the  cell  types.  The  p lesaa  rasnbrane  was  Lot  erd igf.  tai4k 
throughout  those  colls  with  occasional  evidence  of  teratcai  tars  near 
the  luaLnal  curfacc  (Pljj.  13).  In  isolated  arses  the  intercellular 
spaces  were  greatly  Increased  (Figs.  13,  16,  and  19). 

Three  days  after  injection  of  eye lophosphanldo  asr'rcd  deterioration 
wne  evident  in  three  cnloais.  Two  of  these  animals  were  sacrificed  os 
the  third  day  and  the  other  sniaci  wee  seer If iced  ea  the  fourth  day 
after  Injection.  Isy  situ  examination  of  tbs  organs  of  tbs  per  1  tones  1 
and  thoracic  cavities  indicated  abnormalities  only  In  the  bladder. 

In  all  three  cn hauls  In  situ  examination  ol  tbs  bladder  showed 
large  haaatooa  appear  ins  masses  on  the  surface  and  small  focal  amt 
of  hemorrhage  in  the  lumen .  There  was  no  grossly  observable  bens* 
turia  in  these  an  Inals  at  tbs  tins  of  death.  Microscopic  cssanlaaClsm 
of  the  hoBiatorylin-eoain  and  toluldine  bins  sections  led  tested  a  wary 
stellar  pathology.  The  changes  consisted  of  s  two  to  three  pins  edema, 
submucosal  hemorrhage  including  vascular  necrosis  sad  specifically, 
in  tha  animal  sacrificed  four  days  after  inject  too,  da saged  spit  he  lisa 
with  the  possible  suggestion  of  regeneration  (Figs.  21  and  22). 

The  two  cost  consplcious  character  1st les  of  the  bladder  epithelial 
cells  in  these  four  day  animals  were  merged  degree  of  hsmerrhao*  end 
s  diminished  cell  cohesion  which  created  large  extracellular  spaces 
between  the  ceils  (Figs.  23,  24  sad  23).  Al-so  characteristic  of  these 
cells  was  a  cytoplasmic  disorganisation  probably  do*  to  the  increased 
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exfolUtive  tendency  of  those  epithelial  colie.  Ifoaaoroug  very  small 
vesicles  wore  present  throughout  the  cytoplasm  cad  the  floe  fibrillar 
carapocinta  seen  in  the  no  mol  epithelium  was  Incqually  distributed 
within  tho  cytoplasm  of  these  cells  (Fig.  23  end  24).  Numerous 
erythrocytes  wore  present  in  the  Intercellular  spaces  (Figs.  23  and 
24).  S*all  microvilli  were  seen  along  tho  surfaces  of  02x17  cells 
with  consequent  ro lease  into  the  extracellular  spaces  (Fig.  24). 

Within  the  cytoplasm  of  scrac  calls  were  multiple  deposits  of  irregu¬ 
larly-shaped  electron  dense  material  (Fig.  23).  This  material  did 
not  ecoa  to  be  oonbraao  bound  and  its  nature  Is  unclear.  Degenerating 
mitochondria  wore  present  In  soon  coils  (rigs.  26  and  27).  Multi- 
aucleetloa  occurred  in  sooe  colls  (Figs.  24,  3C  cad  31).  The  endo¬ 
plasmic  reticulum  was  increased  in  army  of  Chore  colls  in  Chs  fozrm  of 
cisternal  granular  elements  (Figs.  20,  23,  31,  32  and  33).  Occaoion- 
elly  'tayclold-lihc n  figures  composed  of  soooth  double  cxmbrr^ca  a  d 
surrounding  cytoplcenie  •oaponcats  wore  observed  (Fig.  29).  Seme  of 
the  cells  •ontelned  numerous  round  vesicles  cad  dense  bodies  of 
varying  circs  end  shapes,  (Figs.  30,  31  and  32),  intone lvo  Golgi 
cocxp loses  and  long  fualfora  mitochondria  (Fig s.  31  end  31).  It  to  of 
further  interest  to  note  that  there  was  a  total  absence  of  the  ccn- 
preeeed  beside  component  associated  with  the  surface,  and  intemed^ato 
normal  cell  types  in  all  of  these  cells.  Within  the  connective 
tissue  coopooent  and  interspersed  between  the  collagen  fibers  were 
capillaries  whose  endothelial  cells  had  c  marked  Increase  in  organella 
components,  team  of  the  fibroblasts  had  altered  mitochondria,  cn do- 
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p la smic  reticulum  and  uniformly  homogeneous  aggregates  of  electron 
dense  cantorial  surrounded  by  a  single  unit  membrane  (Fig.  34) . 

Eight  days  following  injection  eba  first  of  Efca  experimental 
aninalo  died.  Evidence  of  deterioration  in  soma  of  the  animals  was 
evident  at  this  tine  by  their  lack  of  responsiveness  to  physical 
nt imulnt ton .  One  animal  that  was  markedly  unresponsive  and  heaaturle 
was  Eccr iflccd  on  the  eighth  day  following  injection.  The  abdominal 
and  thoracic  eavltios  had  no  obvious  gross  abnormalities.  4E  jJJtJj 
examination  of  Che  bladder  Indicated  focal  areas  of  hemorrhage  along 
the  bladder  surface.  The  lumen  of  the  bladder  contained  fresh  and 
clotted  blood.  Microscopic  examination  of  the  bladder  tissue  sections 
lndlccted  one  plus  odena ,  evidence  of  hemorrhage  and  multilayered, 
regenerating  dyeplestic  epithelium  (Fig.  35).  The  bane  narrow  was 
hypoplastic  with  evidence  of  debris  and  fibrin. 

The  electron  photomicrographs  of  this  bladder  tissue  showed 
necrotic  and  regenerating  cells.  In  some  cells  OH-8**  36  and  37), 
the  plasma  oembrano  had  ruptured  and  the  cellular  contents  were  ex* 
pressed  into  tho  lumen.  The  nuclear  membrane  was  broken  in  aunty  are as 
and  much  of  tho  chromatin  had  dispersed  to  the  edges  of  the  nucleus. 
Numerous  snail  vesicles  of  varying  class  end  shapes  occupied  the 
bulk  of  tho  cytoplasm  along  with  moderately  large  vacuoles .  ferae  of 
these  vesicles  surround  other  smaller  electron  dense  spherical  bodies 
which  were  themselves  bounded  by  a  single  unit  membrane.  These  were 
interpreted  as  lysosoraes  and/or  cellular  attempts  at  sequestration 
of  damaged  cytoplasmic  components.  Evidence  of  endoplaxale  reticulum 
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and  mitochondrial  alteration  cculd  be  seen  in  Sko  cytoplasm  of  c Iso 
surrounding  cello.  In  tko  moot  sever ly  affected  cells  the  mitochondria 
were  swollen  and  appeared  Irregular  (Pigo.  33,  39  and  4C) .  In  gome 
of  the  mitochondria  there  was  notable  absence  of  the  crista c  or  the 
cristao  arc  tent  had;  against  the  Inner  mitochondrial  membrane  (Fie-  39). 
It  is  interesting  to  note  that  these  mitochondrial  atypicalities  were 
not  uni  fora  throughout  the  cells  end  that  there  wore  mitochondria 
within  the  same  cello  which  did  not  appear  ae  severly  affected  (Figo. 

38  and  41).  In  general,  the  mitochondria  appeared  larger  end  lees 
electron  dense  than  the  mitochondria  in  the  normal  cells,  numerous 
round  vesicles,  some  containing  electron  dense  material  were  present 
in  cany  of  these  coils.  The  endoplasmic  reticulum  in  these  cello  was 
granular  with  same  of  the  cisternal  elements  slightly  swollen  in  cotju 
cells  (Figs.  33  and  39).  The  intercellular  spacoc  between  the  cello 
Increased  Oiigu.  39,  40  and  42).  Dcuqosoqcs  and  cytoplasmic  tone- 
fibrils  wero  still  present  (Figs.  33  and  40).  Within  some  of  these 
altered  cells  dense  bodies  of  varying  alzce  and  shapes  wore  observed 
(Fig.  41).  Within  the  dysplaatlc  multilayered  epithelium  there  wore 
tmaoroui  scull  apparently  Immature  cells,  with  irregularly  shapes  nuclei 
and  peripheral  aggregate*  of  chromatin  (Figs.  43  and  44).  Many  long 
strands  of  granular  cisternal  endoplasmic  rctlculisa  and  prominent  Golgi 
complexes  characterized  some  cells  (Figs.  42,  43  and  44).  Numerous 
cytoplasmic  microvilli  extended  from  Che  cell  surface  and  inter- 
digitated  with  the  microvilli  of  adjoining  cello  (Fig.  44). 

Nine  days  following  injection  3  of  the  animals  died.  Of  the 
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remaining  19,  6  evidenced  no  worsening  of  choir  condition,  4  appeared 
increasingly  responsive  co  physical  stimulation,  and  9  appeared  vary 
unresponsive  to  the  stimuli.  I  wo  of  tha  iattar  group  vara  sacrificed. 
Ssanination  of  ooa  of  tha  sacrificed  anise  Is  indicated  bleeding  from 
tha  left  oar,  but  dissection  of  tha  Left  side  of  tha  head  and  left  ear 
failed  to  show  tha  cauaa  of  tha  hemorrhage.  Zxamlaetion  of  the 
abdctalnal  cavity  indicated  a  pale  appearing  liver  which  was  removed, 
fixed  in  formalin  and  sectioned  for  light  microscopy.  The  bladder 
shoved  &  moderate  amount  of  yallow  urine.  Tha  bladder  tiasue  had  no 
evidence  of  edema  or  hemorrhage  and  a  questionable  aortal  epithelium  . 
The  bone  star row  was  atrophic  with  fatty  deposits  and  a  relative 
absence  of  calls.  Tha  liver  was  described  &<■  ri tow  Lag  evidence  oi 
cloudy  swelling  Vth  no  fatty  a*st %  *npbo#is  iFig.  45).  In  tha  second 
animal  the  kidneys  and  llvur  -ar-  ,*al«  in  appearance  and  then.  u«« 
a  large  hemorrhagic  area  on  tbe  surface  of  the  left  teatfe!”,  licro- 
ecopicaiiy  tha  kidneys  showed  tubular  damage  with  evidswri.*  of  red 
blood  cella  within  the  tubules  (Tig.  4^).  The  boo#  ea.ro;  was  con¬ 
sidered  badly  damaged  with  cc  -aide: able  hypoplaaia  of  tha  bon  aarrov 
a  laments .  The  testicU.e  show!  a  marked  degree  »r  *amerrh*-  5. 
necrosis  (Fig*  47),  The  bladder  *£  situ  shewed  so  evidence  of  hemor¬ 
rhage.  bisect  ion  of  the  bladder  showed  a  s^al  1  amount  of  jellov 
colored  mine.  Microscopic  examination  of  the  hervst Jnylin-eoctn  end 
toluidlee  blue  seat  Una  of  the  bladder  from  these  two  snimala  uses 
ssseatislly  the  seme;  eerc  to  ons  plus  sdsem,  no  hemorrhage  end 
questionably  mease! ,  multilayered  epitbeliis&  with  seme  evidence  of 
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dysplasia  in  certain  area*  (fig*  48). 

Electron  photomicrographs  of  this  bladder  tissue  indicated  three 
major  area*  of  cellular  changes  cytoplasmic  and  nuclear  vacuolization, 
change  suggestive  of  cellular  sequestration  and  dysplasia  with 
regeneration. 

The  most  remarkable  feature  in  same  of  the  bladder  epithelial 
calls  of  the  auiiiiij  sacrificed  at  this  time  were  th^  cytoplasmic  and 
nuclear  vacuolization  of  the  suxface  cell3.  In  Figures  49,  50  and  53, 
the  uur.'ace  cells  with  t!*eir  protrusions  of  microvilli  into  the  Lumen 
showed  large  cytoplasmic  und/ov  nuclear  vacuolization.  In  Pigure  49, 
there  were  two  roderatcly  lirgo  vacuoles  La  this  surface  ceil  with 
possible  binuclcex  on.  Within  these  nuclei  there  was  peripheral 
condensations  of  "lucle&r  chraoatii.  and  the  suggestion  or  sn  uicreas* 
electron  density.  In  figure  5C,  there  appears  to  be  vacuole  >  ation 
in  addition  to  thf  established  cytoplasmic  vacuoles  within  this 
apparautly  active  cell,  fhe  mitochondria  i::  this  cell  were  numerous 
and  as  a  general  iuIc,  consistently  longer  than  fchose  described  n* 
normal  bladder  cpitlwltuu.  That  some  oi'  ties*  vacuoles  represt  ‘.ted 
m  attempt  on  tU.  part  of  the  cell  to  sequester  out  ckraaged  etersant* 
cm  be  seen  i*.  Figure  51.  In  this  ceil  there  was  a  Urge  focal  are* 
of  degeiicratiag  substances  which  war  surrounded  by  s  a  ingle  and 
aotjut l-oss  double  unit  aeMbrene .  At  the  amm  tune  the  nucleus  was 
somewhat  aiectr^u  dense  and  uninterruptedly  »urroun4*d  by  its  unit 
membrane .  Mu  it  ip  '.e  nucleoli  were  seen  .and  chert  was  an  increase  la  the 


example*  of  vacuftiar  inclusions  ware  present.  Mutmi  svgaaellea 
were  seen  this  call  including  occasional  vesicles  of  tba  compressed 
typo  as  described  id  the  aonul  surface  epithelial  call.  Imarkabla 
mitochondrial  alteration  wars  not  generally  Manifest  la  thaaa  call* 
but  moat  changes  chiefly  consisted  in  an  increase  la  alae,  length  and 
configuration  with  some  evidence  of  degeneration.  In  fine  ares,  bowser, 
surrounded  by  plasma  membrane  interdigltatlons  were  e  cluster  of 
Urge  swollen  degenerating  mitochondria  (fig.  54).  fhe  eadoplajnl? 
reticulum  was  markedly  increased  in  the  majority  of  tba  cells  over 
the  normal  epithelium  in  the  form  cf  rough  or  granular  cisternal 
elements  (Figs.  35,  56).  The  connective  tiseue  component  of  the 
lamina  propria  had  fibroblastic  degeneration  and  necrosis  (Fig.  57). 

The  second  group  of  cellular  changes  was  an  apparant  disunity 
between  the  cells  extending  all  the  way  to  the  basement  swmbraaa 
(Figs.  53  and  51).  Ho  such  dieorganl action  was  manifest  in  the 
sections  of  normal  cells.  In  addition,  those  obviously  exfoliating 
cells  appeared  to  be  undergoing  degeneration  as  nanlfsst  by  the 
numerous  mail  dense  bodies  \Flg.  *3)  sad  nuclear  fragmentation  (Fig.  59). 

There  could  be  noted  in  other  cells  hyperactivity  with  numerous 
mitochondria ,  rmtud  vesicles,  pronlaeat  Golgi  complexes.  and  endo¬ 
plasmic  rctlctii-ca  (Figs.  55  and  So).  numerous  danse  granules  cf 
various  sites  were  present  in  sows  of  the  cells  along  with  cisternal 
e Lessen t#  of  the  granular  endoplasmic  reticulum  (Figs.  54,  60  and  61). 
Cellular  dysplasia  mod  evidence  of  cellular  regeneration  was  seen 
(Figs.  62,  63  and  64).  MucUar  dysplaeia  was  character  lead  by  in- 
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cnsasad  ele etron  density  of  r.ha  nucleus  along  wish  peripheral  nwclo.-r 
chromatin  aggregations  .md  multiple  nucleoli,  Xu  addition,  long 
i i lament du a  elements  of  endopUtimlc  reticulum,  suggesting  increased 
protein  synthesis,  was  present  in  many  cells  (Figs.  £3  as*1.  64), 

On  the  tenth  day  following  injection  an  additional  two  animals 
■escribed  cm  the  ninth  day  at  unresponsive  had  died  spontaneoualy. 

Dp  to  thia  tine,  six  animals  had  diad  naturally  and  nim  aninrals  had 
been  sacrificed.  Five  of  the  nine  anlmala  which  tore  described  ac 
markedly  unresponoive  on  the  ninth  day  were  still  unresponsive  but 
alive  this  tenth  day.  Because  of  the  two  natural  deaths  at  this 
tire  period  one  of  these  animats  was  sacrificed.  Examination  of  the 
abdominal  cavity  showed  a  pale  liver  and  fcidneys.  These  organs  were 
excised,  sectioned  and  stained  for  light  microscopy.  situ  exam¬ 
ination  of  the  bladder  showed  areas  of  hemorrhage  on  the  bladder 
surface.  Bisection  of  the  blodder  showed  a  small  amount  of  yellou-; 
clear  urine.  Microscopic  description  of  the  kidneys  Indicated  focal 
areas  of  tubular  damage  (Fig.  65).  Th*  liver.1  showed  focal  areas  of 
necrosis  with  chronic  passive  congestion.  The  aicroscopic  description 
or  the  laoatcety  lin-eosin  and  toluidine  blue  bladder  sections  showed 
i  one  plus  odoraa,  o*a  plus  hemorrhage  aud  the  suggestion  of  healing 
'jy  tne  appearance  of  r  multilayered  epithelium,  in  addition,  an 
amorphous  appearing  material  was  evident  between  the  cells  (Fig.  66). 

Electron  microscopically  the  cells  of  this  mu  it t layered  epithelium 
were  relatively  uarematrabla  except  for  the  preoenee  of  the  intereellulsr 
•paces  which  lots  been  described  la  an  of  the  anLaals  up  to  this 
tine  (Fig.  67).  Noticeably  prosaic  in  these  cells  were  mraerovs 
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datiN*°mes  and  coIIsFm  /lag  tnulr Ip «.e  wad  prominent  nucleoli.  In  »«* 
artu  cf  this  multi layered  epithelium  were  cell*  is  vfalek  the  extra* 
cellular  apace*  were  larger  and  had  begun  to  fill  (fig.  68).  Tfco  fine 
fibrillar  material  cf  some  of  the  cell*  va*  seemingly  aligned  a  lost 
the  cellular  margin  Adjacent  to  the  plaana  membrane  interdigl^i .1 
(Fig.  69).  This  ’‘filling  process”  is  seen  to  better  advantages  f ' 
Figure  70,  which  chows  a  marked  Increase  in  polyrlboeomal  rosette 
formations  Along  with  occasional  altochondrl*  which  are  irregularly 
shaped.  Elcaacnts  of  rough  endcplae  iic  reticulum  and  the  fine  fibrillar 
component  were  also  in  evidence.  Figures  71,  72,  ana  7}  show  the 
extent  of  this  extracellular  filling  with  moderately  electron  dense 
material  alorvj  with  prominent  destosoues  In  Figure  72,  numerous 
round  veaiclea  are  In  appearance  along  with  prominent  Golgi  areaa. 

The  nuclei  in  all  of  these  cells  appeured  very  active  with  increased 
nuclear  densities,  peripheral  chromatin  aggregations  and  prominent 
nucleoli.  Figures  74  and  75  show  portions  of  cells  in  which  some  of 
the  mitochondria  were  noticeable  swollen  and  distorted,  the  eado* 
plaamic  slightly  swollen  and  a<*~«wtMt  irregular,  and  numerous  round 
vesicles  and  dense  bodies  of  varying  shags*  and  sixes.  The  attempt 
at  cellular  sequestration  is  evident  in  Figure  76  ifaire  a  large 
spherical  electron  dense  substance  is  being  segregated  in  the  cyto¬ 
plasm  of  the  cell,  along  with  other  degenerating  cellular  material, 
by  >  single  unit;  ocabrena.  Vith  seemingly  increased  frequency  ere 
tc  numbers  and  pro  tarn iasnoa  of  the  Golgi  complexes  in  many  of  these 
cells  as  seen  In  Figures  77  and  78.  It's  significance  is  unclear, 
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but  0Q«  nay  pextupe  suggaot  that  there  might  bv  *  relation  bctwnw 
the  call's  Increased  secretory  capability  as  Manifest  try  ouch  a  pre- 
'anlnenca  of  the  Celgl  systems  and  the  am  vvrilular  filling  evident 
In  naay  of  those  cells.  1  beosne  interest  \d  In  ofeeefvlng  as  to  which 
direction  this  notarial  is  going,  l.a.  frou  the  surface  forwards  to 
the  basement  rtenbrane  or  froo  lH*  jubnueOMl  areas  forward  to  the 
surface  calls.  In  figures  y9  and  30  ntneroue  intercellular  filling 
areas  wore  noticed  near  the  eurfaca  call.  The  higher  magnification 
of  Figure  80  shove  microvilli  vrtiich  seem  to  arise  from  a  'bubbling’ 
off  the  surface  ceil  with  consequent  liberation  of  the  former  cyto¬ 
plasmic  component  Into  the  lumen.  la  addition,  there  is  present 
a  nucuid-lixe  aggregation  at  the  surface  layer  of  these  cells  which 
was  int  m rated  as  lipid.  Figure  8i  shows  a  'fluffy1  electron 
dense  material  within  and  parrialiy  obscuring  the  collagen  flbors  of 
the  connective  t  ssue  caoponent  oi  the  ianina  propria.  Tills  aatoriai, 
lu  more  dilute  form  might  represent  approximately  the  same  electron 
denseness  us  soon  ui  the  intercellular  spaces.  Figure  82  shows  at 
higher  taagnii  .cation  an  apparent  eaanurlcet  loti  between  the  pleaaa 
nwnbran*  ana  :j  jcwovhat  dissolved  or  obscured  baeasent  membrane. 
Consequently  tr«:  question  as  to  the  origin  and  flow  of  this  materiAl 
remained  unsolved. 

On  too  thirteenth  day  foIi«#lng  injection  fourteen  an  trials  re~ 
rjmii*ed  alive.  Elev.-n  jf  tv.«  fourteen  showed  increased  activity  and 
threu  'ucasinad  mod* tat# l y  unresponsive .  during  the  thirteenth  day 
one  oi  these  unresponsive  aiu^.j  died  <.nd  another  was  selected  to  be 
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sacrificed.  This  animal  had  had  intermittent  tpliodci  of  hematuria 
through  the  twelfth  day  but  there  woo  a©  e\  Ldenee  of  hensturla  at  the 
time  It  vos  sacrificed.  The  animal  thot  hod  died  naturally  hod 
episodes  of  heraaturia  through  aloe  doys  of  tor  inject ten  bpt  hod  thaw 
no  haasturLi  at  the  time  of  death.  Examination  of  the  abdominal  sad 
thoracic  cavities  Ladicrtec  no  abnormalities  oad  further  examination 
o£  the  bladder  both  situ  sod  In  the  excised  state  indicated  It  to 
be  essentially  nomol.  Light  microscopic  ox  urination  of  the  bladder 
tissue  sections  shoved  no  evidence  cf  edema  or  hemorrhage  vlth  duaee 
layers  of  possible  regenerating  api the lima  (Fig.  S3). 

Electron  photomicrographs  of  this  multilayered  epithelium 
indicates  areas  of  scat  11  polygonal,  spherical  calls  approximating  the 
sine  of  the  normal  basal  epithelial  call  but  containing  morn  organelle 
components  (Figs.  84  and  35),  These  nuclei  appeared  semeuhat  hyper* 
active  with  prominent  single  and  multiple  nucleoli.  The  mitochondria 
were  relatively  sculler  than  those  described  in  the  previous  experl* 
nental  groups  but  were  seemingly  increased  In  numbers  over  the  aosmei 
cell  component.  Empty  in tercel luiar  spaces  were  still  very  auca 
in  evidence  along  with  multiple  deamoeames,  end  occasional  dense 
bodies  (Figs.  85  and  86) .  The  calls  lining  the  basement  membrane 
appeared  to  be  longer  as  coopered  to  t V  polygonal,  ^fcnrtual  ceils 
previously  described  (Fig.  87).  At  higher  magnifications,  element* 
of  the  granular  endoplasmic  reticulum  jud  small  mitochondria  could 
be  soon  in  this  elongated  c«li  type  as  it  rests  on  the  basement 
membrane  adjacent  to  the  connective  tlueue  coaponent  ef  the  lamina 
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propria  (F Ig.  3d),  itolattvwiy  lass  f reqoont  tat  will  occasionally 
present  WM  i'ocal  areas  of  cellular  dagaMratiaa  oe  evldRoeed  by 
•Mil  eatraaaly  electron  deco*  deposit*  of  MtarUl  (umuwbd  by  a 
single  unit  asrabrsae.  In  Addition,  who* la  of  •Booth  ambimaie  and 
WMrfvit  swolLen  mitochondria  were  occasionally  mwnt  (Fig.  89). 

In  bom  occasional  colls  chart  was  evidence  of  call  shrinkage  with 
condensation  of  the  altered  organelle  components  In  the  fomi  of 
swollen  rat  :cchotvdrLa,  prominent  Golgi  senes  and  soutuhet  enlarged 
•isternel  elements  of  tin  granular  endoplasmic  reticulum  (Fig.  >C). 

Fourteen  days  {Kst  injection  all  of  the  remaining  twelve  anirasie 
were  responsive  to  physical  stimulation  Including  the  one  remaining 
an  Inal  described  at  thirteen  days  as  moderately  tsmosporuLve.  Hus 
anlnsl  was  selected  at  this  fourteen  day  period  to  be  sacrificed. 

Extra.. oat  ion  of  the  3bdot&iiv*l  and  thoracic  cavltlej  Indicated  n< 
pbseEvable  chance c  in  the  organs  Lr\c lud tap,  the  '.ladder.  Lljjhfc  aicro* 
•copy  the  bladder  tissue  Indicated  a  one  pluc  odena  and  ltau»orrhar»i 
with  a  mu  Hi  layered  soonwhst  dy  aplastic  epithelUci  (F4,.  )l) . 

Electron  aicroscopy  of  this  bladder  epithelium  indicat *s  mxnuroce 
snail  ceils  with  :>rara_nent,  electron  dense  nuclei  (F ig.  *2).  Occasional 
dense  bodies  were  socn  along  with  normal  appear i og  electron  dense 
mitochondr  ia.  Occasional  biauc  loot  ion  was  noted  In  sene  of  the  surface* 
colls  (Fig.  which  also  contained  oumeroua  compressed  ar  round 
vesicles.  Occasional  evidence  of  cellular  degeneration  could  still 
bo  observed  osong  the  name!  cells  (Fig.  *4).  There  were  still  areas 
along  th ?  plasma  sonbraca  in  sens  cells  hich  showed  increased 
iau:**.^sliuLar  ^pooe?  (Figs.  95  and  >6).  however,  in  the  vast 
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majority  of  calls,  flgutn  96  m 4  97,  Um  plana  — ntrma  tnt*-<llgt- 
tiltd  eloaaly  with  the  a haence  of  largi  intercellular  spaces.  The 
moat  eonsplclcnis  characteristic  of  many  of  thaaa  moderately  d/r  • 
plastic  calif  la  the  markable  iaersaaa  In  the  rough  andoplanic 
reticulum  and  mitochondrial  organella  comp ooaota  (Figs.  97  nd  9b). 

In  Figure  98  and  at  a  higher  taagni  fleet  too  (Fig.  99).  long  strands 
of  endoplasmic  reticulum  appeared  in  close  proximity  to  the  mito¬ 
chondria  sulalasting  in  sons  cells  in  a  vtor  1- like  art angamnnt . 
Occasional  small  vacuoles  ware  also  seen  In  some  calls  along  with 
dense  bodies,  ribosomes,  and  fine  fibrillar  components  (Figs.  97,  98, 
and  99).  \"he  fibroblastic  components  of  the  connective  tissue 
appeared  normal  with  only  the  suggestion  of  a  stall  amount  of  edsae 
(Fig.  IOC). 
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Cyclop ho spharaide  when  in  traduced  into  animals  or  nun  1*  converted 
t  ran  an  "Inactive”  to  an  r  active"  cytoxic  derivative  (a)  (Dea  Free,  J.D., 
1980).  The  mechanise*  of  this  transformation  la  considered  to  be 
through  eosyoutiJ  action  of  phosphaaiidaaes  or  acid  nhosphatases 
(Qoggenc,  M.„  et  al..  1960).  The  rat  bladder  spit  helium  has  high 
jtfsosphantidaae  activity  (Meyer  «nd  U  jmmru,  st  .  1957).  Animals 
receiving  inttsperitooeel  injections  of  eyclopltosphanid*  develops,  an 
acute  cystitis  similar  to  the  human  side  effects  reported  In  the 
literature  during  and  following  cyclophosohamli^  chemotherapy.  However, 
direct  injectloae  of  the  Inert  cyclophosphamide  into  the  bladders  of 
experimental  animals  (Fhillips,  qfc  at • ■  1961)  did  not  cause  a  cyto¬ 
toxic  effect  and  suggest a  the  forms’ iou  of  the  cytotoxic  derivatives 
probably  at  multiple  oitea  in  the  body. 

Klectron  aicrographa  of  transitional  bladder  epithelium  of 
Wlstar  rats  following  a  single  intraperltoneal  injection  of  222  mg/kg 
a§  cyclophosphamide  illustrate  four  general  cytologic  changes  which 
were  evident  to  varying  degree*  over  a  fourteen  day  experimental 
period.  The  firat  of  these  cytologic  alterations,  cellular  degeneration, 
vii  stoat  noticeable  within  the  cytoplasm  of  the  bladder  epithelium  of 
the  animal  sacrificed  twenty-four  hours  «ft«r  injection.  The  second 
cytologic  characteristic,  cellular  exfoliation  and  cell  death,  occurred 
predominantly  in  the  animals  sacrificed  four  sight  and  nlnr  days 
a/Tter  inl^vsion-  Cellular  dysplasia,  aost  notable  affecting  the 
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nucleus,  and  call  regeneration  were  the  other  cytologic  representations 
ob carved.  Cellular  dysplasia  and  limited  cellular  regeneration  occurred 
as  early  aa  eight  daye  after  Injection,  lege aerating  normal  «pl  the¬ 
lites  was  the  dominant  characteristic  in  the  animal  sacrificed  fourteen 
daye  after  injection. 

In  the  animals  sacrificed  twenty- four  hours  after  Injection, 
Irragularly-ehaped  electron  dense  granules  surrounded  by  e  tingle 
unit  sksobrana  was  observed,  with  in  the  granulocytes  located  in  the 
areas  of  marked  cellular  degeneration.  It  is  felt  that  they  represent 
phagoeytieed  granules  liberated  from  other  cells  of  the  granulocytic 
aeries  which  were  undergoing  degeneration.  Bodaou.  P.R. ,  1961, 
daacribad  on  Increased  granulocytosis  in  interstitial  cyetltia  end 
ulcerative  colitis  following  the  admin is tret ion  of  diphtheria  temoid. 
Theoe  granulocytes  reached  a  new  listen  concentration  after  twenty- tlx 
hours.  These  calls  had  polymorphous  nuclei,  eytoplameic  edema  and 
"shedding  of  granules  with  mononuclear  ingestion".  Itoga,  at  . 

1*62,  daacribad  tha  preaecoa  of  cytoplasmic  iaeiualom  bodies,  perhaps 
identical  to  th*  DA la  bodies  described  in  some  pathological  states, 
along  with  other  "coarse  dark  staining  granules'*  occurring  singly,  or 
in  the  fona  of  mu/tiplo  indue  tone  citthii  the  granulocytes  of  patients 
undergoing  treafcwtet  with  cyclophcsphmeide.  These  inclusion  bodies 
were  located  In  the  periphery  of  tha  cytoplasm  and  occasionally  pro* 
traded  beyond  the  normal  cell  contour.  The  dumber  of  the  D0hle  bodies, 
the  biochemical  fcaaU  of  which  Is  unknown,  iaerraaed  with  fourti llflU 
saturation  of  the  granulocytes  during  eye  iophoepiv-^s  chase  therapy. 
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This  suggested  to  I tog a  that  "cyclophosphamide  Interfered  with  nuclear 
sod  cytoplasmic  maturation  reflecting  a  basic  disturbance  of  nucleic 
acid  metabolism’. 

Ths  Boat  distinctive  characteristic  of  the  normal  trsasi  lonal 
epithelium  was  the  presence  of  compressed  and  round  vesicles  in  the 
superficial  and  intermediate  cell  layers.  Compressed  vesicles  have 
been  observed  only  within  transitional  epithelium  (Shod In,  J.,  1963). 
However,  their  morphologic  appearance  scams  to  vary  in  certain  animal 
species.  Blectron  micrographs  of  the  superficial  call*  of  bovine 
transit local  bladder  epithelium  QUncsak,  N. ,  1964)  ill let rated  a 
spherical  appearance  of  these  cytoplasmic  vesicles  as  opposed  to  the 
long,  fusiform  appearing  vesicles  present  in  rat  and  mouse  bladder 
epithelium  (Welker,  B.F.,  1960;  Leegon,  R.,  1962),  Batifoi  ,  H., 
&Ai-.  1964,  described  in  human  bladder  transitional  epithelium 
numerous  smooth* surfaced  intraeytoplamatc  vesicles,  'jo me  of  which 
were  eonpreeeed  into  ‘'slice". 

Several  functions  have  been  suggested  for  these  vesicles.  Bhodln, 
1963,  stated  that  their  function  is  unknown  but  suggested  that  they 
might  be  dissolved  crystals  which  migrate  to  the  lumens  1  surface. 
Walker.-  B.F.,  I960,  postulated  that  these  compraaaad  vesicles  might 
serve  as  a  dynamic  urine  barrier  by  carrying  fluids  from  eta  cytopiame 
to  the  cell  surface.  Be  stated  further  that  there  was  a  similarity  oi 
the  ccmpresssd  vesicles  of  transitional  epithelium  *Lth  those  ea<ra  .a 
the  protosoao  ,  Toixchrvs  tnfus lenum ,  which  as  purported  to  V 
•ibla  for  snri  —a nr  of  cytoplasmic  fluid  tu  tta  contractile  vaco-'I* 
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(’Uvds ,  II. A.,  US8>.  Porter,  K. ,  at  al..  1963,  saggcstod  fehct 
th »  caanreseei  voiUUi  aifUt  be  Sevas*  at  the  xtrftM  of  the  opr* 

ficUl  '**11  vhe*v  aesnf,  -;***;'  .  '  _  «.*—**  w — •  «,•**«*)£ 

between  than  W.<,*»e  piaehed  off  into  the  cyteplasR.  t hoy  shored  that 
tho  limiting  membranes  of  these  to « tales  *r«  100  %  la  d  lew  ter  n4 
possess  *  trilaminar  Mobrow  structure  L^eatisal  to  rtet  of  She 
plasma  monbrjcMv  TWy  further  suggested  that  Cha  se  —pro— »d  voeldee 
sight  serve  es  pU«a«  nenbrera  storep*  anas  aooooeaxy  for  etUvUz 
bladder  expansion*  Walker,,  B.7. ,  I960,  demonstrated  that  lajeetiSR 
of  tier  I'm  dices  lei  into  the  bladder  lumen  of  aloe  taaiaataf  la  Che 
presence  c  :."  thorium  rystal*  vlchla  tho  round  XMiftiM  •*  ceurfaoe 
calls  and  later  in  the  connective  tissue  caqpsaoat  of  tho  bladder. 

*:i  no  t:jm  mm  Close  crystals  observed  la  tho  o  nap  res  os  d  vests  loo. 
the  re  f<  to  the  origin  of  the  conpxassed  vesicle  vnU  act  soon  to  he 
lor.«ed  from  a  "pinching  off'*  or  ^iMpsthesitallaartilea**  at  tho  Twiswal 
surface  which  would  result  la  vssLsle  innaUsa,  hat  wold  suggest 
the  «si stance  of  the  vesicles  within  the  superficial  sad  lat  own  diets 
cell*  theneelvrs.  We  sea,  h*C.»  iHZ,  ofrootwed  olestrsa  siiyosaaylaally 
Chet  then  was  an  increaee  la  the  awsber  of  esupressad  cad  rewad 
vesicles  within  the  sapor  field  cells  of  tho  rot  trweitiaaal,  epltfce- 
llua  fol-ovtag  the  odalalstratlaa  of  distilled  water  l»ia  ctu  bleeder  a 
of  these  experimental  animals.  Bawaar,  a c  sliTiapso  oooarrod  following 
«.^e  edalnieerctlsa  of  hypertonic  sad  leeteoU  seiotlees  lt*t>  the 
bladder  of  other  onporl— tal  eshscU.  fhoso  resales  wort  eaplclised 
oa  the  heels  that  la  eael  e  hypotonia  earUvmat ,  f laid  would  enter 
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the  ceil  leading  to  the  appearance  of  largo  numbers  of  vesicles,  and 
vould  support  the  theory  of  Walker,  B.J?.,  1900,  that  the  nature  of 
these  vesicles  was  excretory  In  function,  l.a.,  that  they  originate 
es  vacuoles  within  the  cytoplama  and  pass  to  the  luminal  surface. 

In  Figure  3  of  the  nornal  rat  superficial  bladder  aplthellal  cell, 
save  of  these  conpreesed  vesicles  eppeer  to  have  ruptured  at  the 
surface  of  tha  superficial  cell.  This  would  support  the  theory  of. 
Welker  that  the  coop rested  vesicle  moves  to  the  call  surface. 

One  of  the  ©cat  significant  observations  of  the  transitional 
epithelium  in  the  treated  experiment  el  animals  was  the  merited  reduction 
in  the  number  of  the  compressed  vesicles  and  «n  increase  in  the  rvxnber 
of  various  slaed  round  vesicles.  7ht.se  alterations  occurred  In  the 
treated  animals  with  tN*.  except  tor*  of  the  animal  sacrificed  at  fourteen 
days.  In  this  animal  the  normal  epithelial  constituents  ware  again 
present.  In  the  twenty icur  hour  animal  small  and  irregularly-shaped 
round  veg'ele*  ,?ere  observed  aloeg  wh**  surface  of  the  cell  bordering 
the  lumen  and  n^ght  represeut  increased  pinocytotic  activity  of  the 
surface  cells.  Ccinc^dmr  ly,  cr  significantly  related  to  the  reduction 
in  numbers  of  in?  compressed  vesicle,  was  the  appearance  of  marked  en¬ 
largement  of  intercellular  spaces*  In  the  animate  sacrificed  over  the 
specific  time  psiiods,  except  fefter  fourteen  days.  It  had  been  men¬ 
tioned  earlier  tnat  the  demens  loos  of  the  apparent  trllsalnsr  lined 
vesicle*  are  Identical  to  that  o*  t\ *  plasma  membrane  (Porter,  K. , 

It  ii- .  I '63) .  If  the  furctl*1*;  of  tt^se  veslcler  could  bo  cellular 
excretion  and  also  pi*  eras  mot'braae  storage,  the  disappearance  of  tbes* 


vesicles  would  than  deplete  the  amount  of  itorija  pu»u  nembraae. 

Thie  failure  in  tha  rap  lac  want  of  plasma  — lahraaa  sight  result  in 
weakened  condition#  along  tha  existing  plasma  membrane  which  sight 
terminate  in  cellular  coapraaaion  with  tha  resultant  increased  inter* 
cellular  apace# . 

Alteration#  observed  In  the  organella  component  of  |gn  of  these 
cell#  twenty-four  hour#  following  the  injection  of  eye lophosphemide 
were  the  inert  ace  in  the  umbers  of  d-use  granule#,  the  presence  of 
pooled  lipid  aggregation#  within  ne  cytoplasm,  tha  diaaaaociation  of 
the  ribosome#  frets  the  endoplaaaic  reticulum,  and  damaged  mitochondria. 
Xu  a  study  of  tha  histological  affect#  of  nltrptaxamtari  on  tumor 
tissue,  it  va#  observed  by  light  microscopy  that  there  wee  e  reduction 
in  the  numbers  of  cell#  in  mitosis,  a  "ballooning  of  the  cytoplasm" 
by  fat  deposit#  and  the  presence  of  nuclear  iragpsntation  (gplta,  S., 
1948). 

k  review  of  the  literature  fall#  to  show  previous  work  at  tha 
ulttastructual  level  concerning  the  cytopat ho logic  change#  in  damaged 
transitional  epithelium.  fcMever,  e  great  deal  of  work  at  this  level 
haa  been  accomplished  in  other  tissues,  notably  tha  liver,  following 
the  administration  of  cytopat ho logic  agent#.  The  cytopat. .ologic 
change#  in  tha  liver  reported  by  other#  (7# rber,  K. >  1943,  1944; 
Seyuoid#,  1943)  were  Che  result  of  the  admialstrstlou  into 

laboratory  animal#  of  ethionlne  and  carbon  t<  tracblor  ids  respectively, 
lots*  of  the  resultant  ultraesructural  chan^a  a  occur  ring  in  thee?  livers 
were  similar  to  those  change#  observed  lr  the  transitional  epithelial 
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cell*  of  Che  experimental  animal*  following  cyclophosphamide  injection. 
Theae  change*  consisted  of  the  dlsaseoclatAon  of  the  ribosome*  from 
the  endoplasmic  reticulisn,  the  presence  of  lipid  aggregation*  in  the 
cytoplasm,  and  evidence  of  altered  and  damaged  mitochondria.  Direct 
correlation  in  the  ultrastructural  change*  between  two  such  divergent 
and  functionally  different  organa  and  different  cytotoxic  agents 
cannot  ba  established.  However,  the  suggested  explanations  for  the 
celluler  changes  due  to  treatment  with  the  various  cytotoxic  agents 
may  be  applicable  to  nderstanding  the  changes  due  to  cyclophosphamide. 
The  applicability  of  such  changes  tc  the  bladder,  however,  depends 
on  future  cytochemical  and  cytophysiologlcal  studies  which  are  beyond 
the  scope  of  this  thesis. 

Farber,  I.,  4I. ,  1963,  1964  studied  the  effect  of  ethionine, 

the  ethyl  analog  of  the  naturally  occurring  arafcto  acid  raeth’onina,  in 
the  liver,  and  further  "•'ted  that  similar  reproducible  lesions  cou  d 
also  be  demonstrated  in  the  pancreas,  kidney  and  testis.  Some  of  the 
major  alterations  of  tho  liver  cells  following  ethionine  adninistration 
were  the  inhibition  of  protein  synthesis  demonstrated  both  yivo 
and  ^  vltyo,  and  the  occurrence  of  4at  da posits  within  the  cytoplasm 
of  the  liver  cell.  Related  to  this  decrees*  in  protein  synthesis  and 
Increased  triglyceride  concentration  vLthin  the  cells  was  the  decrease 
in  total  adenosine  triphosphate  (AT?) .  The  presence  of  triglyceride 
lyvele  within  the  cells  of  the  liver  wee  explained  on  the  basis  of 
tite  formation  of  R'adeooey lethionln#  by  the  act  on  of  sthlonine  and 
AT?.  This  compound  which  is  poorly  metabolised  results  in  s  "trapping 
ot  adenine"  which  cvertanas  the  ability  of  the  cell  to  manufacture 


Chi*  purine  component.  The  reduction  ir  adenine  would  effect  the 
synthesis  of  AT?  which  would  normally  fwwnlsh  the  n*cea«*iry  energy 
for  the  foruatlon  of  the  protein  atoletle*  and  In  addition,  poselblf 
limit  the  export  of  the  triglyceride*  and  lipoprotein*  out  of  che  cell 
^nd  into  the  blood  pi.;  ana.  The  adu in let ret ion  of  adenine  or  AT?  to 
chi *  aysteu  prevented  i'ne  ucciwulat  Lon  of  excess  triglyceride*  vlthla 
Jto  liver  cells. 

If.  'n  cf  injures*':  to  note  in  this  connection  that  when  f  ornate, 

14 

labeled  with  Z  w;a  1-.:  orporated  into  the  purine*  of  IMA  end  DMA  ta 
sensitive  tt-id  re ,;i st eye lophcsphacai dc  tvtror*,  there  wee  an  Inhibition 
of  UNA  ado, ;ine  by  uycloph-sphaalde  In  the  sensitive  tumor.  In  addition, 
the  .u„cn-  cytologic  of  feet  of  susceptible  cell*  following  cyelophos' 
phaalde  jiiui.V  if.  t  ion  was  the  reduction  in  protein  synthesis  (ftroeiar, 
/.<.,  1962,  Wheel**,  G.P.,  1^62,  Maguire,  H.C.,  1961,  and  Kovaca, 

S.„  1“6C) . 

Eeyuolda,  Z.S.,  l^€Z  studlad  the  effect  of  the  noa-ploar  lipid 
solvent,  carbon  tetrachloride,  on  rat  liver.  His  observations  of 
cellular  chan&er.  included  vaeuolisstlou  of  tbs  clstamae  of  the  ratdo- 
p banal c  ;eticwlaa,  iegranulatlac  of  Its  nenbraswis  and  at*  Increased 
nuaher  of  free  ribosomes.  In  addition,  there  were  aerph®  logic.  alter* 
Atlona  oi  che  nitochcodrla  and  swelling  of  the  Colgi  vesicles.  As  s 
non -polar  lipid  soluble  substance,  carbon  tetrachloride  was  thought 
to  transfora  the  constituent  bimoleeular  pboepfeoltpld  leaflets  cf  the 
cal'  membranes  from  a  "crystalline"  to  liquid  phase.  Such  shifts  la 
the  *es-.brsa*s  physim*1  -cher  ! cal  properties  night  'tr«neforr!  the  sheet* 
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llk«  membranes  with  low  surface  tea* Ions  to  droplets  and  vesicles 
with  high  surface  tension. "  Thera  fare,  the  alteration*  la  cytoplasmic 
organelle*  nay  be  man!  fee  tat L>us  of  the  "physical  preneace  of  the 
lipid  solvent  in  the  membrane*  of  thee*  organelle*." 

Thu*,  the  lipid  depoait*  preeeat  in  the  eytoplaan  of  rat  bladder 
transitional  epithelium  following  cyclophosphamide  administration 
might  result  from:  (1)  the  inability  of  the  cell  to  metabolise 
nutrient  fat  material  that  might  be  transported  into  the  call.  With 
seme  inhibition  of  the  purine  adenine  perhaps  there  would  be  a  drop 
in  cellular  ATP  and  therefore  a  reduction  in  the  energy  levels 
necessary  for  normal  and  adequate  cell  metabolism;  (2)  markedly  alter¬ 
ed  cellular  metabolism  which  culminates  in  the  formation  of  njutrul 
lipid;  (3)  degenerative  processes  of  the  cell  due  to  the  cytotoxic 
agents  which  night  result  in  accumulation  of  lipid,  perhaps  from 
alteration  of  membrane  phospholipid  components.  Kancsak,  N.,  1)64, 
hlatochemically  demonstrated  areas  associated  with  the  lysosomal 
menbrana  component  of  the  transitional  apithslial  call  to  be  phos¬ 
pholipid  in  structure. 

The  evidence  of  cellular  dagenaration  ir  many  of  the  cells  of 
the  experimental  animal  groups  wss  accompanied  by  an  increase  in  ckmav’ 
granules.  Tha  large  denar  granules  in  the  normal  bladder  epithelial 
cells  of  the  rat  are  lyaoeoees  (Kanosak,  M . ,  1944).  Thee*  organella* 
which  contain  the  hydrolytic  eosyaes  acid  phosphatase  and  -glucoronldaaa, 
were  increeeed  in  many  of  the  cell*  of  the  animals  sacrificed  at  24 
hours,  four,  eight,  and  nin*  days.  This  is  consistent  with  the  ob- 
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eervations  of  Van  Lancker,  J .1, ,  at  «1.0  1959,  <<fec  note*1  the  re lease 
of  thaaa  anayraea  from  "cytcplasaic  granules"  la  cells  during  tha 
courea  of  call  autolyels. 

Spits,  8.,  1946,  la  bis  Studies  of  tha  effect  of  nitrogen  auatard 
on  ttnor  cell*,  stated  that  in  all  of  tha  eaaaa  studied  not  ail  tha 
calls  ware  equally  affected  by  the  cytotoxic  agent.  Injection*  of 
cyclophosphamide  into  leukemic  nice  resulted  la  a  delay  of  tbs  pre¬ 
mitotic  process  with  subsequent  abnormal  and  slowly  progressing  mitoats 
in  acne  cells  (Kovocs,  ££.  gl-  1960).  At  46  hours  following  inject  lew, 
the  mitotic  figures  had  the  sane  chromosome  complement  as  the  tuaor 
cells  before  therepy,  indicating  Last  the  chromosome  Busbar  of  thaaa 
cells  was  not  affected.  Electron  microscopy  of  the  bladder  trans¬ 
itional  epithelitaa  of  the  rat  if  Id  ogre  want  with  these  observations. 
Morphologic  alterations  of  the  cells  following  cyclophoeph— Ida  in¬ 
dicated  agranulatlon  of  endopla— Ic  ret  ionium,  availing  of  tha  Mito¬ 
chondria,  nuclear  degeneration  and  karyalysls  In  same  cell*.  Dassm, 
in  other  cells,  the  granular  endoplasmic  r*t lculin  was  in  long  fils— its, 
the  mitochondria  were  increased  in  numbers  end  the  nuclei ,  at 
l«:er  time  periods,  appeared  hyperactive  and  am— diet  lysplaatic . 

four  days  following  Injection  the  greetaat  a— it  of  cellular 
■orobologic  change*  wore  noticed.  These  changes  —re  a  narked  degree 
w;  hsmorr^sgs  and  diminish*. A  call  cohesion  ou  Inina  ting  in  very  large 
in  tare*  1  Lu  ’  *r  spnoaa.  Evident  at  this  ti—  period  —re  nuclear  alter¬ 
ations  in  tha  form  of  ir  agu verities  in  sin  and  shape,  increased 
a lament a  of  rough  endoplasm ic  ratlcui—  — d  ’Ndserie"  of  agranular 
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membranes  surrounding  electron  dense  cytoplasmic  components.  The 
Increased  evidence  of  nuclear  atrophy  end  cytop lassie  degeneration  at 
this  tine  in  sene  cells  is  consistent  with  the  observed  cytologic 
effects  of  cytotoxic  mustards  observed  at  the  light  microscopic  level 
(moreen,  H.I.,  fill*.  1960). 

The  presence  of  the  agranular  whorls  of  Membranes  et  this  end  at 
later  times  has  been  described  as  a  mechanise  of  cellular  cytoplasmic 
sequestration  (H  rub  an,  2.,  it  a),. .  1963).  focal  cytoplasmic  degrad¬ 
ation  ,  a  cytoplaanic  Sequestration  of  damaged  cytoplasmic  components, 
represent*  a  cytopetho logic  alteration  which  can  be  distinguished  from 
total  cytoplasmic  degeneration  and  cell  necrosis.  In  the  early  phases 
of  focal  cytoplasmic  degradation  portions  of  the  cytoplama  are  usually 
limited  by  a  single  acubrane  or  several  layers  of  'myeloid  smooth 
membranes".  These  inclusions  may  contain  altered  cytoplaanic  com¬ 
ponents  such  as  pleOQorphorlc  electron  dense  materials,  granule*!  of 
various  aiaas,  lipid  droplets,  relatively  intact  mitochondria,  ergasto- 
plaantlc  or  Golgi  components  (Hruben,  Z.„  .  1963).  Such  examp  Us 

cf  focal  cytoplasmic  degradation  were  observed  in  many  of  the  cell 
types  of  the  animals  sacrificed  four  to  thirteen  days  after  injection. 
Coaspic lous  in  same  of  chase  cells  were  the  concentric  'myeloid  membrane 
formations"  or  whorls  of  agranular  ^emb^anaa  along  with  4*qu*at*r#d 
cytoplasmic  elements  surrounded  by  a  single  membrane.  The  myeloid 
cc**f iguratlor'*  were  similar  to  cUe  formation*  described  by  Uruban,  Z . , 
i£.  >  1963,  in  cells  which  |eve  "abnomeiitU*  in  protein  or  chol¬ 

esterol  synthesis". 
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Evidence  of  cellular  degeneration  irteh  allegation  of  the  nuclei 
end  c  yt  op  1*  male  component*  occurred  through  the  thirteenth  day  a  ft  or 
injection.  Cytoplasmic  end  nncleer  vacuo  Heat  Ion  was  neat  evident 
at  the  ninth  day  and  la  cone  latent  with  the  cytologic  ebaervat  Iona  of 
3 lemon,  H.R. ,  3J,  ,  I960,  of  tumor  oeile  from  varioaa  effuaiaaa 

following  eye lophoapheoide  chemotherapy .  Hie  obaawst ion*  in  order 
of  decreasing  significance  Included  lac re seed  number#  of  degeaarattag 
feme,  increase  in  nuclear  vacuo llaat ion,  loaa  of  oall  membrane  ««* 
tlnuity  end  increased  cytoplasmic  vacucliaatiou. 

The  nc.^a;  transitional  eplthellua  of  the  rat  pea aaaaas  occaa tonal 
intercellular  spaces  between  adjacent  basal  cells  Cfcameaek,  H. ,  1964). 

The  significance  of  ii.tercclluler  spaces  as  a  cellular  trim  apart 
mechanism  vaa  reported  in  e  study  of  the  uptake  of  thoriums  dionide  vitiin 
the  intercellular  spaces  of  corneal  endothelium  in  the  rabbit  which 
terminated  in  the  presence  of  the  crystals  within  the  eovneei  ntrase, 
(Kaye,  G.,  hi  >  1*62).  Settifora,  E.,  344*..,  1964,  oanaidared  the 
intercellular  spaces  in  the  human  bladder  transitional  epithelium  as 
j  possible  mechanism  for  the  transport  of  water  and  solutes  through 
the  eplthellua.  Johnson,  J.A.,  fi£  44.,  1931,  using  an  isotonic  eolation 
of  sodium  chloride  in  heavy  water,  determined  that  there  was  a  con¬ 
siderable  exchange  of  water  molecules  across  the  mucosal  bladder  wail 
in  dogs. 

in  the  experimental  animals  following  eyeiephosphmlde  injection 
there  were  uiraeroue  intercellular  spaces  between  adjacent  cells  in  all 
layers  of  the  transit lon*l  eplthellua.  With  the  exception  of  one 
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animi  sacrificed  con  days  following  injection,  thaw  intercellular 
space*  with  the  experimental  procedure*  used  for  tlasuesp reparation 
appeared  empty.  Ir.  thi*  one  animal ,  however,  there  wee  focal  area* 
of  the  epithelium  In  which  these  intercellular  spaces  were  partly  or 
completely  billed  with  an  amorptexia,  electron  dense  materiAl.  Hieto- 
cfeemical  sta'na  such  a*  the  perlodlc~acld  Schiff  for  (mucopolysaccharides, 
Oil  Eed  0  for  neutral  fata,  and  baalc  fuchain  for  protein  deposit* 
were  negative.  Thug,  although  the  nature  of  this  material  was  r.ot 
determined,  theae  deposit  a  might  repreaeat  furtive  r  evidence  of  de» 
generation,  altered  celt  foataboltan  and  /  or  alteration  in  p last m 
membrane  perraeabi  Uty  which  terminated  in  the  '‘pooling"  of  material 
between  the  cells. 

Kuclear  dysplasia  as  described  by  tlx;  light  microscopy  and 
evidenced  in  the  electron  micrographs  by  increased  nuclear  (flans  it  lea 
and  peripheral  chromatin  aggregations  waa  evidenced  in  cone  cells  as 
early  as  eight  days  and  lasted  to  a  limited  extent  uitil  the  thirteenth 
day.  All  of  these  cell*  had  an  Increase  in  cisternal  elements  of 
rough -endoplasmic  reticulum  which  at  tha  Haight  of  regeneration  oA 
the  fourteenth  day  became  long,  filamentous  and,  in  many  instances, 
existed  in  close  apposition  to  increased  numbers  of  mail,  dense  and 
normal  appearing  mitochondria. 
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CONCLUSION 


Injections  of  222  mg/kg  of  cyclopboephaelde  into  the  lntra- 
peritoneal  space  of  thirty  white  m)«  VI  star  rota  II I  let  ted  a  severe 
hemorrhagic  cystitis  due  to  the  pooling  of  tORio  urtnr  in  the  bladder* 
The  observable  tootle  manifestations  of  native  cyclophosphamide  occurred 
as  early  as  throe  hours  oost  injection  *•  determined  by  tbs  preeenot 
of  gross  huaaturia  in  one  animal  and  subtenant  weight  loes  la  most 
ot  the  remaining  animals  over  the  experimental  period  of  fourteen 
days.  Cytologic  alterations  examined  electron  microscopically  con¬ 
sisted  of  the  following: 

(1)  Cellular  degeneration  in  the  fom  of  altered  cytoplasmic 
organelles  such  as  the  endoplasmic  re  ti  cubes  and  mitochondria  along 
with  increased  lipid  aggregations  primarily  in  tho  animals  sacrificed 
after  twenty-four  hours. 

(2)  Cellular  exfoliation  and  c< 11  death  in  the  animals  socrlfinsd 
at  fevr,  eight,  ^nd  nine  days. 

(3)  Cellular  dysplasia  most  noticeably  affecting  the  nucleus  in 
the  animals  sacrificed  from  eight  *j  thirteen  days  following  Injection. 

(4)  Narked  evidence  ot  epithelial  regeneration  in  tha  enimal 
sacs  if iced  at  fourteen  days* 


SUMMARY 


> 


Cyd.0ph0tpLvxj4.de  la  a  nitrogen  mustard  which  it  linked  by  ucy  of 
toe  nitrogen  atcn  to  a  phosphor  ic-acld-est*r;»aidgs*  that  allows  for 
Its  relative  inactivity  ^  vltvo.  Through  enayuatic  activity  yjyo 
there  is  s  t r arts forrvit ion  oi  the  inert  cyclophosphamide  to  active 
cytotoxic  derivative  (a)  which  causes  cytologic  alteration  and  cell 
daath  to  nonaal  turatu'  tissues.  Its  value  %»  *r.  sntltuoor  agent 
has  rccu  -J\  r.hc  treatment  of  patents  vith  malignancies  arising  fro. 
hoaatopo  retie  tiaiucs,  malignant  lymphomas,  i&UKunias  and  carcLuaiag 
arising  i'vou  cite  breast  .tjc  ovary.  Otic  oi  the  side  effects  reported 
follovLsi  cyclophosphamide  chemotherapy  wag  tin*  occasional  avanlfesta- 
tiuu  of  a  storiic,  Iwraorrhag  ic  cystitis.' 

Inject  .enns  v.  cyclophog'H  au^ck?  into  white  m&ic  Wiatar  rata 
illicit*  a  sever*.  iier.ccrh&gi.c  cyst  It  i*.  Electron  microscopic  cjus.- 
ioation  o.  rat:  bladder  transitions'.  epithelial  over  various  or  v  lode 
of  tliac  follow  la*;  injection,  illustrates  cytoplasmic  dsgenerat i*i , 
cellulate  ex. Dilation  as:*c  call  cWafch,  nuclear  dysplasia  and  subsequent 
epithelial  r».\,e  icrat ion* 
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Floura  1.  Normal  bladder  tauco«»  of  the  rat  showing  the  large  flattered 
surface  epithelial  cells  and  the  smaller  polygonal  shaped  Interred tata 
and  basal  cell  layers.  X640. 

Figure  2.  Hie  normal  superficial,  intermediate  and  basal  ct‘11  layers 
of  the  rat  transitional  bladder  epithelium  ere  shown.  Hots  th?  nurtesd 
interiigitatlona  of  the  plasma  membrane  and  the  occasional  evidence 
of  intercellular  spaces  in  the  areas  adjacent  to  the  basal  cell.  Kota 
si.ro  tie  numerous  compressed  vesicles  in  the  superficial  and  inter* 
mediate  cell  layers  along  with  the  occasional  large  dense  granule. 

x  4, or;.. 

Figure  3.  Superficial  cell  of  the  normal  bladder  epithelium.  Hote 
the  scalloped  appearance  of  the  cytoplasmic  sdget  end  the  apparent 
remnants  o''  ruptured  compressed  vesicles  at  the  surface.  X  35,900. 

Figure  4.  Intermediate  call  area  of  the  normal  rat  aplthellum  showing 
numerous  compressed  vesicles  and  fine  fibrin  structures  within  the 
cytopltea.  dote  the  small  ribesaeal  aggregates,  occasional  round 
vesicles,  and  the  ~tal  1  electron  dense  mitochondria.  X  10,70 0. 
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yigura  S.  Intermediate  and  superficial  call  compc<umts  of  chi;  bladder 
•pit  ball  urn  •’aiding  the  ctnpreaeed  sad  round  vesicles,  occasional  dense 
granules  and  occasional  dsenosoaes  along  the  late rdig it ating  olasroa 
a— brans .  Nets  the  large  terminal  bar  at  the  liasinal  surface  adjoining 
two  superficial  epithelial  cells.  X  5,300. 

figure  6.  jLlboaoRMt  associated  endoplasmic  reticulum  and  electro 
dense  mitochondria  within  the  normal  transitions L  epithelial  cell  Or 
the  rat  bladder.  !5ot«  tbs  rifcosca*!  Aggravations,  the  fine  fibrillar 
catapc  .  ;t  and  die  prominent  deemoaataas  with  adjacent  tonoftbr -Is. 

X  29,6CC. 

figure.  7.  The  connective  tissue  cr-Tponeut  of  the  nortaal  bladder 
subsaucosa  allowing  the  aggregations  of  collagen  fibers,  fibroblastic 
cellular  carporvei'ts  and  a  acutll  capillary.  X  5,300. 

FLrurc  0.  'ioluldino  blue  stained  one  micron  section  showing  epithelial 
cell  exfoliation  sad  edcu*.*  of  the  connective  tissue  component  of  the 
Ism ie a  propria  in  the  bladder  of  the  anixsal  sacrificed  seven  hours 
following  cyclophosphamide  injection.  X  640. 


flama  9.  ueawttaxylin  and  eon  in  stained  eectlon  of  the  blotter 
epithelium  in  the  twenty- four  ht:r  post  injection  aa Inal.  Note 
Che  denuded  araan  of  nucoea  along  the  lamina  propria.  X  540. 

Figure  10.  Toluidina  blue  atai^ci  one  micron  sections  of  bladder 
epithelium  In  the  twenty-four  hour  animals,  ffota  the  areas  of  edema 
within  the  connective  tissue  component,  occasional  evidence  of 
inflammatory  cells  and  hcrorrhage.  X  640. 


Elaara  U-  a  marked  ares  oi  hemorrhage  and  collclar  degeneration 
in  the  cnioai  sacrificed  twenty-four  hour*  following  cyciophoephaalde 
injection.  Note  the  numerous  irregularly  shaped  electron  dac.se 
granules  surrounded  by  a  single  or  sonatinas  double  eenbran*  within 
and  outside  of  de genera ting  polymorphonuclear  neutrophils.  X  11,800. 

Fiamrs  12-  A  degenerating  polyorphonuclesr  neutrophil  with  gronulr 
ompulsiou.  Note  the  similarities  In  aims,  shape  end  electron  density 
to  thoee  gnnuUa  described  in  Figure  11.  X  11,200. 


tUou&Jl*  Two  C  ran*  it  tonal  spit he  1 1*1  edit  bordering  the  lumen  In 
th«  bladder  of  the  an Lae 1  sacrifice  *  at  twenty- four  hours.  Note  the 
large  aggregations  of  lipid  material  and  the  email  round  vesicles  near 
the  luminal  surface.  Note  algo  the  long  agranular  elements  of  the 
endoplasmic  reticulum  and  the  occasional  swelling  of  _.■«  cisternal 
elements.  X  11,801., 

fksmrt  Large  uni -membranous  lipid  aggravations  and  the  scattered 
fibrillar  component  of  the  cytoplasm  are  illustrated  in  this  epithelial 
cell  of  the  twenty-four  fcswr  Animal.  Note  th-a  dispersed  ribosome 
*gg!f®Retes,  dense  bodies,  and  swollen  vesicular  components  of  the  endo- 
plaeelc  reticulum.  X  2l,40t. 

Figure  15.  Note  the  long  strands  of  agranular  endoplasmic  s.ctlculuu 
with  the  occasional  formation  of  whorls.  Increase  in  the  intercellular 
spaces  is  also  Illustrated.  Twenty-four  hour  post  injection  animal. 

X  14,60<  . 

figure  16.  Increase  in  the  intercellular  spaces  along  with  ribosome 
associated  endoplasmic  reticulum  it  illustrated  in  these  cells  of 
the  twenty- four  hour  animal.  Xvldence  of  the  uni -membranous  lipid 
deposits,  degenerating  mitochondria  and  numerous  round  vesicles  era 
additionally  illustrated.  X  2 0 , 41X  . 


Figure  17.  Colls  of  the  twnty-four  hour  aaLeal  poeteealag  nasroui 
round  vesicles,  lipid  deposits  end  «  aodaratto  decree  of  spalling  of 
thk  vesicular  element  of  the  Golgi  apparatus.  X  11,300. 

HsiumM'  Duoaged  and  degener st ing  Mitochondria  along  with  disported 
ribosome  aggregations  are  present  within  the  eytoplasa  of  cells  in 

the  twenty*  f<Xir  hour  auinal.  X  38,300. 

Figure  1J.  Occasional  vesicles  of  the  compressed  type  were  seen  in 
•ooe  of  the  cells  in  the  tventy-foor  hour  Injection  animal.  Hete 
the  Irregularly  shaped  denae  bodies  and  swollen  vesicular  components 
if  the  agranular  ond>pLa«nlc  reticulum.  X  14,300. 

Figure  20.  Higher  magnification  of  the  cytoplasmic  component  illus¬ 
trating  nvxaerouf  irregularly  shaped  round  vesicles,  danse  bodies  and 
swollan  vesicular  consonants  of  the  andopleanic  reticulun.  Kota 
the  Urge  focal  area  of  oytoplaanic  degeneration.  Twenty-four  hour 

post  injection  animal.  X  21,400. 
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21.  HeLiOtasr/lin  and  eosln  stained  Ivladck*  epithelium  of  the 
aainel  sacrificed  four  days  post  injection  illustrating  edema  and 
inflammatory  re  action  in  the  bladder  mucosa  and  subnaicosa.  X  640. 

ZitUBLjiSk*  Toiuidine  blue  stained  one  micron  sections  illustrating 
the  large  inter  and  extracellular  spaces  between  the  epithelial 
cells  in  the  lour  day  animal.  Note  the  nurseroue  erythrocytes  and 
the  moderately  large  dar.c  iatracytopUsuic  bodies.  X  640. 

figure  23  Electron  uicioscopfcally  the  mucosal  bladder  cc.U  appoa* 
dleorganiseJ  due  to  the  numerous  ext  race  lUn*.r  spaces  which  are  filled 
with  erythrocytes.  Note  the  numerous  cytoplasmic  Vfoot  processes’ 
present  in  the  intercellular  spaces.  Four  day  post  injection  animal. 

X  3,400. 

riimr*  24.  JSvidencc  of  multinucleation  was  evident  in  soaje  of  the 
bladder  mucosal  cells  of  the  four  day  animal.  Note  th*  intercellular 
spaces  arid  the  microvilli  projections  into  the  extracellular  space  a. 

X  3,400. 
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lifttfB  25 »  Noticeable  within  soot  nniawlg  to  tht*  four  day  group 
were  cytc/>laenilc  aggregations  of  oocrpboua  appearing  material.  Note 
the  creation  of  the  intercellular  .pace.  t-hlch  appear  above  and  below 
the  area*  of  the  & •‘Kvoaotnec  or  terminal  bare-  X  4,000. 


Ti  e  intercellular  spaces  (IS)  appear  along  the  opposing 

,:cU  K^ibrane'i  -  -!ie  pUaoa  ueobrane  and  end  at  the  area  of  tha 


tCrR:-wi  W  prOKiaal  ”  th«  Hote  the  degenerated  •itochondrU. 

nutncro'ja  snail  round  vet  idea  and  the  «aaU  elaaenta  of  the  endo- 
pwts»:ii.c  reticulum.  Four  day  post  injection  animal.  X  5,900, 


figure  7J '  Ivldeau.  o'  cellular  exfoliation  sad  ceil  death  are 

illustrated  tlumigl-  the  Uck  of  caiiuiar  cohesion,  nuclear  atrophy 

and  -itocnoudrUl  deger.. ration.  Foetr  day  post  injection  anheal.  X  4,400. 

ttoigl, ,a2«  fei^ll  elanaeats  of  the  endopinmic  reticulun,  isolated 
Midregates  of  ac»?rphct»e  matarUi  and  deaec  bod  Us  <m  Illustrated  In 

*****  of  che  celu  o£  th*  *>Udder  eplthalii*  of  the  anineia  sacrificed 
four  days  p'at  *njaction,  X  6.000, 
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UtiflLifi’  Whorl*  of  agranular  membranes  surround log  focal  cyto- 
plsumic  araa*  are  Illustrated.  Note  the  wirous  filaments  of  rough 
surfaced  endoplasmic  ratleulm.  Four  day  post  Injection  animal. 

T  5,900. 

TLatii-a  30.  Suggested  bteucleatlon  with  cytoplasmic  edema,  dense  bodies 
end  settling  of  the  vesicular  components  of  the  endoplasmic  ret leu Inn 
is  illustrated.  Note  the  microvilli  projections  into  the  Inter* 
cellular  specs.  Four  day  post  injection  animal.  X  7,000. 

flaura  ?!.  Binucleatlon  with  alterations  in  the  shape  of  the  nuclei 
and  increase  in  nuclear  chromatin  content  is  evidenced  within  some 
of  the  transitional  calls  of  the  animals  sacrificed  four  days  post 
Injection,  Not*  the  numerous  small  elements  of  the  rough  surfaced 
endoplasmic  ret4. -x! turn  end  the  relatively  large  dense  granules.  X  7,400. 

Hum  32.  Numerous  prominent  Golgi  arses  along  with  elements  of 
rough  surfaced  endoplatmlc  retlculue  ere  illustrated.  Four  day  post 
injection  animal.  X  7.400. 


102 


Flturt  33.  Nurar  ~ou»  scull  round  vesicles  arc  located  near  the 
luminal  surface  of  sons  of  the  transitional  oalls  la  this  four  day 
post  Injection  group.  Note  the  prominent  nucleoli,  dense  bodies  and 
Golgi  areas*  X  10,600. 

Figure  34.  The  fibroblastic  cellular  component  of  the  connective 
tissue  shows  narked  enlargement  In  the  cisternal  spaces  of  the  endo¬ 
plasmic  retie  lum  with  Che  presence  of  an  amorphous,  electron  dense 
material  within  Che  claternae.  The  large  cell  with  prominent  nucleua 
moet  probably  represents  an  c&dothellal  call  of  a  vascular  component, 
four  days  poet  inject  leu  animal  X  5,900. 

Fleurs  35.  Toluldine  blue  one  t  on  sections  of  the  multilayered 
dysplestlc  epithelium  of  the  eight  day  pmt  Injection  animal  la 
illustrated.  X  64 C . 

r^eurs  36.  Harked  cellular  defeneration  is  illustrated  In  some  of  the 
oalls  of  the  eight  day  animals  with  di«appeeranoe  of  the  plasma 
membrane  and  peripheral  dispersion  of  the  nuclear  chromatin.  X  5,900. 
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Figure  37.  Higher  magnification  of  the  mm  cell  llluetrated  la 
Figure  36.  Note  the  ruse  roue  round  granule  a  aurrouoded  by  e  single 
unit  Mnbrene  and  the  almost  camp 1st*  dissolution  of  portions  of  the 
nuclear  membrane.  light  day  post  Inject loo  animal .  X  7,400. 

Fleurs  38.  Areas  of  altered  mitochondria  are  Illustrated  in  some  of 
the  bladder  transitional  cells  of  the  elrht  day  post  Injection  animal. 
Note  the  predkninent  desnosomes  and  adjoining  tono fibrils  and  the 
numeroug  irregular l)  shaped  round  vesicles.  X  9,7CC. 

Fleurs  39.  Evidence  of  mitochondria  alteration  with  deposits  of 
■sail  quantities  of  electron  dense  material  within  the  mitochondria 
matrix  la  illustrated.  Note  the  unequal  distribution  of  the  fine 
fibrillar  component  within  the  cytoplasm,  light  days  post  injection 
animal.  X  1 1 , C ' r. 

Flrura  40.  Numerous  irregularly  shaped  veeiclee  some  suggesting  the 
Sequestration  of  cytoplamslc  component*  ere  llluetrated.  Note  the 
prominent  deamoteme  (I)  with  adjoining  tono fibrils,  light  days  post 
injection  animal.  X  15,300, 


108 


LlHil*  Vhorls  of  smooth  nnhir«M«  surrounding  focal  aytop&aamlc 
consonants  vara  evidc  ced  in  sons  call*  of  the  eight  day  an  inala. 
Hot®  the  alte. id  r  .tochoadrla,  daaaa  bod la a  and  latgc  lntarca 1 lu Lar 
rpeeee.  X  7,400. 


film  hZ .  Proaiaenc  in  aoaa  call®  of  the  eight  day  an  1m l a  ware  tha 
prominent  Golgi  zones  (G) .  Not®  also  the  long  fll'jMsits  of  tough 
our  faced  endoplaaaic  reticuimn.  light  day®  poet  injection  animal. 

2  7,400. 


liBIEf  *»•  cell®  of  tha  nu  It  l  layered  it  ha  Hup  whow  mmsUI  vlth 

com  irregular  it  laa  in  shape  and  regionally  demonatrata  peripheral 
aggregations  of  nuclear  chromatin,  light  days  poet  injaetion  animal. 
I  5,400. 


Plaura  44.  within  tha  celle  af  thla  multi  layered  apithailtaa  an  Large 
aatanaiva  filaments  of  rough  surfaced  eadoplaamlr  ratUulun  and 
F na inert t  Golgi  aonas.  Meta  tha  iatardigitatlaig  cytoplasmic  "foot 
process* e 7.  light  days  post  injection  snisMi.  X  7,400. 
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ZiBIflLU'  The  calls  of  the  liror  la  the  ala*  dey  poet  injection 
enJmela  showed  evidence  of  cloudy  ewe 1 ling  with  no  fatty  metamorphosis. 
r.640. 


Wirnttra  46,  The  kidneys  of  the  nine  day  animals  showed  evidence  of 
tubular  damage  with  occasional  erythrocytes  within  the  tubules.  X  640. 


SlMMJ ii*  The  testicle  in  these  animals  show  a  marked  degree  of 
hemorrhagic  necrosis,  Nine  day  post  Injection  animal.  X  640. 

Fleurs  46.  The  bladder  snows  a  slight  amount  of  edema,  no  hemorrhage 
and  questionably  normal,  multllayerd  epithelium.  Nine  day  post 
Injection  animal.  X  64C. 


ftum  49.  A  Crcasitioaal  epithelial  cell  la  the  a  1m  dey  animals 
illu.l^ting  cytvpUvilc  vacuo Illation.  Kota  tU  Multiple  prominent 
micVtoli  cad  bloucleatlon.  X  6,700. 

riaturf  SO.  An  iru  within  a  eraaoltionai  epithelial  cell  bordering 
tbo  lumen  above  the  foruat  ion  of  a  large  cytoplasmic  vacuo  la.  Note 
other  entailer  cytoplanic  vacuoles  along  with  the  occasional  micro¬ 
villi  protrualon  Into  the  lumen  area.  Hina  daya  post  Injection 
animal.  X  7,400. 


Fleurs  51.  Within  other  tr  ana  it  Iona  l  cell*  of  the  nine  day  ealfimle 
were  areas  of  cytoplasmic  dequaetratlon  of  dagaaeratias  component a. 
Mote  the  nucleus  of  the  cell  with  multiple  nucleoli  sad  peripheral 
nuclear  chromatin  aggregations  along  with  frequent  fllaaanta  of 
rough  surfaced  endopUamtc  reticulum  within  the  eytoplamel  X  7,400. 

figure  52.  Note  the  large  membrane  bound  aequo  stared  cytoplasmic  area 
la  which  art  found  aum?  roue  lagan  prating  oelluLsr  regent  l  las.  In 
addition,  email  vesicles  of  the  senpreaetd  vesicle  configuration  are 
preaent  within  the  cytoplasmic  component  ef  feea*  of  these  cells, 
lias  days  poet  injection  eninel.  X  5,900, 
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IjJSMSSuil-  A  tmiUloul  Mil  bordirlng  the  Iumo  with  Largs  nuclear 
vttuolm  l*  1 1 luf traced.  Cytoplaoie  vmuoIci  and  microvilli  protrusions 
lata  the  Inina l  area  an  present.  Mine  day  poet  injection  animal. 

X  6300. 


t\Mlt  Hitochondria  within  the  cytoplasmic  component  of  a  cell 
llluatratlul  marked  alteration  and  ewidance  of  degeneration.  Nine 
day*  poet  injection  animal.  X  10,700. 

USUiXjLJl-  Numerous  filaoients  of  rough  surfaced  endoplasmic  reticulum 
and  prominent  Golgi  sonai  characterlaed  some  calls  of  the  nine  day 
peat  Injection  anim.  a.  Note  the  numerous  round  vesicles,  and  dense 
bodies.  X  u?800 

yiaure  36.  A  cytoplasmic  arer  within  one  cell  Illustrating  numerous 
dense  granules  and  degenerating  cellular  organellas.  Rote  areas 
within  adjacent  cells  which  contalaaf 1 laments  of  rough  surfaced  undo* 
pU  sale  reticulum.  Nina  day  post  injection  animal.  X  10,700. 
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liSSUOL  32. •  A  markedly  aUcrtd  fthrobUit  within  tha  wwttlft 
tlasue  component  is  illustrated.  Not*  the  no— roos  cytoplasmic 
vesicles.  Nine:  day  post  injection  animal .  Z  5,900. 

Figure  5S.  tvldeacc  oj  same  cellular  exfoliation  with  degeneration 
of  tie  cells  te  illustrated.  Minerous  maall  round  vesicles,  most 
probably  lysosoraes,  are  found  within  the  one  cell.  Nine  day  poet 
injection  animal.  *  1J.300 

Figure  59.  Kvlder.ce  >'  .  titular  exfoliation  proceeded  in  same  arses 
as  fsr  down  as  the  basement  asabrsns.  Rote  the  one  e«U  which  is 
almost  completely  degenerated.  Rime  day  post  injection  animal.  X  5,900. 

Figure  6C.  a  coll  bordering  th?  limwm  in  the  nine  day  poet  injection 
animal  illustrating  vauuole  ine  las  ions  within  the  cytsSpUie*.  Note 

Large  donee  body  end  a  lament  e  of  the  rengh  surfaced  endoplasmic 
reticulum.  X  7,A0C. 
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yi«fwa  it.  Transitional  epithelial  sails  fro#  the  ulna  d ay  post 
injMtloa  aniail  tlWitrattng  s^tofilMRlc  vacuoU  iwcluaiana  of 
vuriuf  tlBH,  dnupe  bodies,  rough  surfaced  eadoplaselc  reticulua 
mi  evidence  of  unclear  atrophy.  X  5,900. 

giamra  6^  Within  the  area  of  the  Kultllayored  epltLeltun  in  the 
nine  day  post  Injection  an  Inal  wr?!®  cello  In  which  tlie  nuclei  appeared 
somnriiat  irregular  in  shape  with  occasional  nult  ip le  n  Inoil  and 
peripheral  aggregations  of  nuclear  chrcnntUi.  Note  the  on*  area 
adjacent  to  Chare  active  cells  with  nuraevoue  dense  bodies  .md  cyto- 
pl&aciic  vac  / j lea.  X  A, 400. 

glaupa  63.  Cells  of  the  ;r:ltilayored  cp’f’iciLur  of  U*>  nine  day 
post  injection  aal  al.  Note  the  cytopl.-3.ilc  foot  processes  and 

strands  of  the  rough  surfaced  endoplasnic  ret icu lura.  X  ^  ^ 

HUBI  64.  Cells  of  the  suit i layered  opitlteliuK  at  the  area  of  tbs 
basetaent  menbvat*.  ,‘lote  the  long  flleacnt*  of  rvugh  »*:r faced  undo* 
piaaciic  reticuluu  end  the  intercellular  spaces,  ilia*  day  post  in¬ 
jection  aauaal.  X 


6,000 


I 


gi«w  as.  Foeel  iimi  of  tutelar  (linm  vithla  the  IrUney  of  the 
too  day  post  injection  «1m1.  1  MO. 


V  Laura  66.  Toluialnt  bW  stained  one  nicron  section  of  the  bladder 
transitional  epithelium  in  the  eniacl  eeerifleed  ton  day  following 
syclopboephtcudc  injection.  Note  the  merpheua  Material  tetMM  eon 
of  the  ceils  of  this  $pitila/ered  epithet lu*.  X  1,600. 

67.  within  the  nitilqend  epithelial  of  the  tea  dt^  poet 
Injection  animle  v«re  the  continuing  pceeenoe  of  the  interne  italar 
•pteta.  Note  the  praditatit  end  Multiple  aaohers  of  duMewt  aleeg 
•vnu  oi  the  plena  ambraa*.  X  %®00. 

flWMTfr  W  Other  mu  vithhk  thie  nUU^vtic  ipiOwilm  there 
wu  evidensedof  filling  vithla  the  interne l In Ui  apeeee.  Ten  d aye 
poet  Injection  aninel.  X  gy50C. 
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rimrem  &9.  vt  fine  fibrillar  within  ftha  eytoylai  i^piiri 

in  the  olll  to  be  aligptd  along  the  rrn  of  the  intercellular  apace* 
of  tbo  p  least  aobroMt  Roto  tbo  multiple  mseleoli  and  electron 
AnaoMM  of  the  socles r  ehronatlu.  tn  days  yo»t  injection  acLulo 
1  5,900. 


FfcUn  7Q*  Aron*  within  the  IntoreolluUr  spaces  of  those  ci  is 
appear  to  be  partially  filled  with  on  — orpbouo  electron  donee  material. 
Roto  the  numerous  elements  of  the  roctgh  outfaced  endoplasmic  reticulum. 
Ton  day  post  injection  animal.  Z  7.400. 

Piaura  71.  Svtdsnce  of  cytoplasmic  vacuo  lac.  dense  bodies  and  mm arose 
round  vesicles  are  illustrated  in  eosa  of  the  calls.  Rota  the 
appearance  of  the  electron  dense  material  within  the  Intercellular 
•paces  of  some  of  the  calls.  Ten  days  poet  injection  animal.  X  3.400. 

Pleura  7?.  Higher  magnificat  ion  of  ana  of  the  oolle  of  this  multi¬ 
layered  epithelium  Illustrating  the  electron  dense  material  within 
the  intercellular  spaces.  Rote  the  mmsrous  round  vesicles  near  the 
please  aoabrtna  and  the  multiple  elements  of  rough  surfaced  endoplasmic 
reticulum.  Ten  day  poet  injection  animal.  X  '.400. 
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fjJKX&JU.*  th*  intercellular  filling  with  the  tUctm  dance  mtcitl 
occur*  periodically  along  the  pUan  mmkmm.  Xa  mm  area*  there 
appeal*  to  b*  ccuuunicattou  between  Individual  Mila  and  tba  electron 
denac  notarial  within  tha  Intercellular  apace*.  Iota  the  pralM&t 
daanovetae  with  adjoining  tcnoflbriie,  tha  pelyrtbeacaal  aggregation* 
and  e  laments  of  the  rough  surfaced  endepinceic  retieeiua.  Tan  days 
;w»ct  injection  anlssai.  X  15,300. 

Pifciira  74-  Evidence  of  ceiiular  degeneration  with  ewe l ling  of  the 
oadopiaiode  reilcuiun,  nun&roua  round  vesicUe,  dense  boa  tea  and 
aggregates  of  **>rphou'  electron  dense  Materials  are  Illustrated 
within  areas  of  this  emit 1 layered  eplthaliue.  Tea  day  poet  injection 
antnal.  X  7.40C. 

rianre  75  Alterations  in  tha  altoebondria  and  availing  of  mm  of  tha 
oonponents  of  tha  endopUaale  ret  leu  Ion  are  illuat  rated.  Seta  man  roue 
danaa  bod  lev  of  varying  alnaa  and  shapes  along  with  daaeaiy  packed 
Itttraflytoplaaaic  fiber*  and  Urge  latere* ilular  apace*.  Ten  day  peat 
injection  animal.  f  9,200. 

yjjamre  76.  An  «raa  of  sytopUmix  £ofu*atratlon  la  llluetratad  with 
v ioua  organella  ccnpennata  and  lipid  aocnanUticna.  Ten  day  poet 
injection  aalnal.  X  5,900. 


HUtt  77 »  TransUicaal  epithelial  of  tbo  too  4 07  attlael  Illustrating 
pseniacat  tioigi  sones.  Note  mmerouo  feast  granules  end  mall  foe ally 
sequestered  cytoplemic  cag^xmu,  X  7,400. 

figure  7t  Note  the  Urge  Gelgi  tone  ylthin  this  trencitionel  cell 
of  tbo  ten  dey  sniaei.  tolyyltoeonal  eggreget loot ,  sough  surfaced 
elansafca  of  the  eacopleeelc  reticula*  ere  alee  ftllustratod.  X  10,600. 

WsaaaJi-  Evidence  of  Intercelluler  filling  near  the  cells  lining  the 
listen  is  illustrated.  Note  nusarous  rotnd  vesicles,  seen  containing 
extrsEtely  electron  dense  met  trial,  and  the  aicrovilli  projections  of 
the  surface  cell.  Ten  dsy  poet  injection  aniaal.  X  5,900. 

fitter ft  80.  Higher  signification  of  che  surface  call  in  thic  ten  day 
cntaal  shoving  the  aicroviiH  protrusions  into  the  Iwaia^l  spec?. 

X  IS a 300. 
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Uusm  ii*  Brideaca  of  tba  snotphcus  lUclm  dww  Mtuul  within 
tha  coaneetise  tiaaue  ocaponoot  of  tha  bladder  MbnsMM.  fan  day 
poet  Injection  eolnal.  Z  4,000. 

mamift  Rvidance  of  tha  Morphous  material  along  tha  hssawsnt 
nanbraae  of  tha  epithelial  layer.  Rota  tha  eppunt  cornua  teat  loo 
between  tha  area  of  tha  basaaent  nenbrane  and  tha  intercellular  spaces, 
fan  day  post  injection  animal.  5  15,300. 

f Laura  83.  Toluldins  bias  at* load  ana  alamo  section  dwvini  an 
ataa  of  tha  regenerating  swltllaysred  bladder  •pltdwliin  of  tha 
thirteen  day  post  injection  aainal.  Kota  tha  nmsTona  Multiple 
nucleoli  present  in  n any  of  thast  aalla.  X  440, 

flam  Runaroua  calls  with  proninao*  nuclei  are  illustrated  as 
representative  of  tha  Multilayered  apithalion.  Rota  the  amorous 
cytoplasnle  organelles.  Thirteen  day  post  Injection  an  Inal.  X  3,400. 
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fkun  15.  <olla  of  the  multilayered  epithelium  Illustrating  the 
electron  dense  nuclei  with  multiple  nucleoli.  Koto  tie  ywHOttn  of  the 
intercellular  spaces  between  the  oelle.  thirteen  day  po*t  Inject loo 
«1m1.  S  6,000. 


ft— j  >6.  Numerous  desmosones  ore  present  along  the  plasma  nonbrano 

vhleh  la  occasionally  interupted  by  large  intercellular  spaces.  Hot* 
the  absence  of  any  of  the  compressed  vesicles  within  the  cytoplasm  of 
thaao  calls.  Thirteen  day  post  injection  aniaal.  X  7,400. 

Plaura  87 .  the  cells  lining  the  basement  asobrsae  appear  longer 
morphologically  as  coopered  to  Che  polygonal  spfoirical  call!  in  other 
areas  of  the  multilayered  epithelium.  Thirteen  day  post  Injection 
nisei.  21  6,000. 

Higher  magnification  of  the  cells  lining  the  baexaent 
Rwabrsne  *x  the  thirteen  day  animal.  Not  -  the  bceanont  membrane  with 
its  communication  with  the  plasma  ewhrase  along  with  elements  of  rough 
surfaced  endoplasmic  reticulum.  X  10,700. 


fiaura  99.  Arams  of  cellular  degeneration  vthn  thi.*  multi  layered 
epithelium  are  lluatrated.  Not#  the  wfc  rl  >f  agranular  membranes 
surrounding  a  eyioplasni  e  portion  of  a  call,  along  With  nunatfowa 
round  ves  .cles  and  a  email  llpW  aggragati.cn.  Thirteen  day  post 
injection  animal,  X  6,000. 

Figure  90.  SvUence  of  cellular  degeneration  with  alteration  in 
organelle  componente  iv  lluetratcd,  thirteen  day  poat  injection 
animal.  £  10,600. 

Figure  91.  Out  ruer  m  sect  fined  Toluidine  blue  stained  bladder  epithe- 
Hum  of  th«  fourteen  day  anisel,  Svtdenc*  of  limited  edema  and  hamor- 
rhagi  along  with  come  dyaplaeU  of  the  call*  is  tlluatratad.  X  646. 

Figure  4?.  fcepresentati'HI  area  of  the  multi  layered  epithelium  is 
lllusti  :®d.  Mote  the  numerous  cellular  organaMas  and  limited  evidence 
of  intercellular  epaees.  fourteen  day  animal.  X  4,000. 


Figure  93c  Superficial  a ud  intermediate  cell*  of  the  fourteen  day 
peat  injection  animal  are  illustrated.  Kota  the  maaeroue  compressed 
vesicles  along  the  surface  of  the  superficial  cell.  X  4,000, 

fi^irc  34.  Evidence  of  narked  cellular  degeneration  in  localised 
areas  of  the  otherwise  normal  epithelial  cella  ia  illuatratad.  four* 
teen  day  animal.  X  7r000. 

figure  95.  Bv4dence  of  the  limited  Intercellular  spaces  between  the 
cella  lining  the  basesjent  meabrme  is  liluatrated.  Note  the  .xiripheral 
aggregations  of  nuclear  chromatin  and  long  fllanenta  of  endoplaaraic 
reticulum.  Fourteen  day  animal .  X  5,900. 

figure  2ft ♦  Between  many  of  the  cells  in  the  fourteen  day  animal  the 
plasma  membrane  is  closely  opposed  with  no  apparent  increases  In  the 
intercellular  space*.  X  14,000. 
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Figure  97.  numerous  long  ttrtadi  of  rough  surfaced  endoplasmic  »• 
ticulun  within  the  c«Uf  of  tone  of  the  transitional  epithelial  Milt 
Is  illustrated.  Occasional  round  and  »omoti**a  eotyniMd  mUl«« 
in  evident.  Fourteen  day  animal.  X  IS ,000. 

Figure  98.  Long  filaments  of  rough  surfaced  endoplasmic  reticulum 
and  numerous  ait-ehondrie,  uni  fora  is  ai sc  and  shape  and  density 
are  Illustrated,  dote  the  prominent  Golgi  a  one*  within  the  cytoplasm 
of  two  of  the  calls.  Fourteen  dey  animal.  X  10,600. 

Figure  99.  Concentric  whorl*  of  rough  surfaced  endoplasmic  ratieul'an 
in  close  poaiaity  with  nuctaroua  mitochondria  are  illustrated.  Mote 
the  fine  fibrillar  component  within  the  cytoplasm  is  centrally  equally 
distributed.  Fourteen  day  animal.  X  10,000. 

?  Laura  100.  Area  of  the  lealna  propria  with  essentially  noriaai 
appearing  fibroblastic  components.  Fourteen  day  acLanl.  X  4 .000, 
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